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ABSTRACT
The t h e s i s  examines  t h e  v a l u e  of s a t e l l i t e  d a t a  f o r  
t e r r a i n  a n a l y s i s  and a s p e c t s  of r a n g e l a n d  e v a l u a t i o n  i n  
Ngamiland, n o r t h e r n  Botswana.  The s tudy a r e a  encompasses t h e  
main l i v e s t o c k  p r o d u c t i o n  zone of t h e  d i s t r i c t .
An a n a l y s i s  of t e r r a i n  was c o n s id e re d  i n t e g r a l  to  
d e t a i l e d  a n a l y s i s  and use of s a t e l l i t e  d a t a  f o r  r e s o u r c e  
a s s e s sm e n t  and management.  The t e r r a i n  a n a l y s i s  was based on 
i n t e r p r e t a t i o n  of m u l t i t e m p o ra l  Landsa t  d a t a ,  and a e r i a l  
pho tography ,  s uppo r ted  by d e t a i l e d  f i e l d  i n v e s t i g a t i o n .  A 
ntmber of c l a s s i f i c a t i o n  p ro c e d u re s  and computer  based  d i g i t a l  
enhancement t e c h n i q u e s  were used t o  f a c i l i t a t e  a n a l y s i s  and 
c l a s s i f i c a t i o n  of th e  d a t a .  T e r r a i n  t y p e s  were  i d e n t i f i e d  by 
r e l a t i n g  image c h a r a c t e r i s t i c s  t o  t e r r a i n  f e a t u r e s ,  p r i m a r i l y  
v e g e t a t i o n  p a t t e r n s .
R e l a t i o n s h i p s  between t h e  L an d sa t  d a t a  and v a r i o u s  ground 
f e a t u r e s  r e l a t e d  t o  r a n g e l a n d  r e s o u r c e s  were  a n a l y s e d .  These 
were main ly  r e l a t e d  t o  v e g e t a t i o n  p a r a m e te r s ,  i n c l u d i n g  c o v e r ,  
s t r u c t u r e  and s p e c i e s  com p o s i t io n .  The most im p o r ta n t  f a c t o r  
i n v e s t i g a t e d ,  was t h e  r e l a t i o n s h i p  between cover v a l u e s  of 
woody v e g e t a t i o n  a n d ' t h e  s a t e l l i t e  d a t a .  The r e s u l t s  were  
used t o  deve lop  a c l a s s i f i c a t i o n  u s in g  t h e  L andsa t  d i g i t a l  
da t a .
The u s e f u l n e s s  of  Landsa t  d a t a  f o r  r a n g e l a n d  management,  
and t h e  im por tance  of adequa te  ground survey  and o t h e r  s u p p o r t  
d a t a  s o u r c e s ,  i s  d i s c u s s e d  i n  t h e  l i g h t  of r e s u l t s  o b t a i n e d .
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i n t e r v a l  c l a s s e s ) ,
6 .1  Summary of v e g e t a t i o n  survey  r e s u l t s ,  Moshu 256
(1983) .
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I .  I n t r o d u c t i o n
This  t h e s i s  examines th e  use  of  t h e  L an d sa t  M u l t i s p e c t r a l  
Sensor  System (MSS) f o r  t e r r a i n  a n a l y s i s  and ra n g e l a n d  
management p u rposes  i n  t h e  lower Okavango D e l t a  r e g io n  of  
Ngamiland,  Botswana; an  e x t e n s i v e  a r e a  o f  s e m i - a r i d ,  n a t u r a l  
t e r r a i n  i n t o  which f lows  t h e  Okavango R i v e r ,  t o  form a l a r g e  
i n l a n d  D e l t a  system.
S ince  t h e  la unch  o f  t h e  f i r s t  L an d sa t  S a t e l l i t e  i n  1972,  
t h e  a v a i l a b i l i t y  o f  MSS d a t a  has p r o v id e d  o p p o r t u n i t i e s  f o r  
i n v e s t i g a t i o n s  of  e x t e n s i v e  a r e a s  of  n a t u r a l  and s e m i - n a t u r a l  
t e r r a i n .  Large amounts o f  d a t a  have  been  a c q u i r e d  d u r in g  t h i s  
p e r i o d ;  i t s  use  f o r  many p u rposes  remains  to  be e x p l o r e d .  
S e q u e n t i a l  d a t a  o f  th e  Okavango D e l t a  r e g i o n  has  been  a c q u i r e d  
f o r  1972, 1973, 1975, 1976 and 1983,  p r o v i d i n g  t h e  o p p o r t u n i t y  
to  s tu d y  th e  r e g i o n  and t o  m o n i to r  t e m pora l  changes  i n  ground 
f e a t u r e s  and c o n d i t i o n s .
The MSS sys tem r e c o r d s  d a t a  jLn a number of  c a r e f u l l y  
s e l e c t e d ,  d i s c r e t e  p a r t s  of  th e  e l e c t r o m a g n e t i c  s pec t rum .
The c h o i c e  o f  wave bands was b a s e d  on measurements o f  t h e  
r e f l e c t a n c e  c h a r a c t e r i s t i c s  o f  a l a r g e  number o f  ground 
components .  The L andsa t  system was deve loped  a s  a  t o o l  f o r  
r e s o u r c e  e v a l u a t i o n ;  p a r t i c u l a r l y  f o r  a g r i c u l t u r a l  c ensus  and 
m o n i to r in g  p u r p o s e s .
In  th e  s tu d y  of  n a t u r a l  t e r r a i n  u s i n g  MSS d a t a ,  an 
u n d e r s t a n d i n g  o f  t h e  c h a r a c t e r i s t i c  r e f l e c t a n c e  r e s p o n s e s  
o f  th e  t e r r a i n  ( w i t h i n  t h e  range  o f  t h e  s e n s o r  system) i s
16
e s s e n t i a l  f o r  e f f e c t i v e ,  use  o f  the  d a t a .  In  t h i s  s tu d y  
p a r t i c u l a r  emphasis  was p l a c e d  on th o s e  r e l a t i o n s h i p s  which 
cou ld  be used  f o r  s p e c i f i c  r an g e l a n d  e v a l u a t i o n  and management 
p u rp o s e s .
To p ro v id e  an u n d e r s t a n d i n g  o f  th e  v a l u e  o f  s a t e l l i t e  d a t a  
f o r  t e r r a i n  a n a l y s i s  and r e s o u r c e  e v a l u a t i o n ,  the  b a s i c  concep ts  
and r a t i o n a l e  f o r  m u l t i s p e c t r a l  d a t a  use  i s  d e s c r i b e d  i n  
C hap te r  I I .  The Landsa t  MSS sys tem  i s  d e t a i l e d ,  w i th  e n p h a s i s  
on f e a t u r e s  o f  r e l e v a n c e  to  t h e  s tudy  o f  n a t u r a l  t e r r a i n .
The n a t u r e  o f  t h e  MSS d a t a  p ro d u c t s  (b o th  d i g i t a l  and p h o to ­
g ra p h ic )  a r e  d e s c r i b e d ,  t o g e t h e r  w i th  t h e  computer  b a s e d  image 
p r o c e s s i n g  sys tems used in  t h e  s tu d y .  The ad van tages  o f  d i g i t a l  
m u l t i s p e c t r a l  d a t a  compared w i th  o t h e r  forms o f  d a t a  are e v a l u a t e d .
To p ro v id e  the  framework f o r  t h e  r e s e a r c h ,  t h e  p h y s i c a l  
and economic geography o f  the  r e g io n  co m p r i s in g  t h e  s o u th ­
e a s t e r n  p a r t  o f  t h e  Okavango D e l t a  and t h e  Lake Ngami b a s i n ,  
i s  d e s c r i b e d  (C h ap te r  I I I ) .  The n a t u r e  o f  t h e  t e r r a i n  p r e s e n t s  
a number o f  d i s c r e t e  problems f o r  a g r i c u l t u r a l  u se  and p a r t i c u l a r l y  
f o r  l i v e s t o c k  p r o d u c t i o n .
A n a ly s i s  o f  a v a i l a b l e  Landsa t  d a t a  p r i o r  to  f i e l d  s u rvey  
f a c i l i t a t e d  t h e  s e l e c t i o n  o f  s p e c i f i c  a r e a s  f o r  ground d a t a  
c o l l e c t i o n  f o r  d e t a i l e d  e v a l u a t i o n .  In  t h e  c h o ice  o f  t h e s e  
a r e a s ,  t h e  a v a i l a b i l i t y  o f  o t h e r  s o u rc e s  o f  d a t a  and o p p o r t u n i t i e s  
f o r  a c c e s s  w i t h i n  t h e  d i f f i c u l t ,  remote t e r r a i n  were im p o r ta n t  
c o n s i d e r a t i o n s .
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During  th e  p e r i o d  o f  t h e  f i e l d  s tu d y  an a e r i a l  
p h o to g ra p h i c  su rvey  of th e  d e l t a  r e g i o n ,  commissioned by th e  
Botswana Government was u n d e r t a k e n .  Advantage was ta ken  o f  
th e  a v a i l a b i l i t y  of  t h i s  m a t e r i a l .
In t h e  s tu d y  of  t h e  p h y s i c a l  geography o f  t h e  Okavango 
a r e a  a t t e n t i o n  was fo c u s e d  on t h o s e  f a c t o r s  which r e f l e c t  
th e  r e f l e c t a n c e  c h a r a c t e r i s t i c s  of  th e  n a t u r a l  t e r r a i n ,  and 
which a f f e c t  t h e  use and c o n d i t i o n  o f  r a n g e l a n d  r e s o u r c e s .
These c o n s i d e r a t i o n s  a r e  o f t e n  i n t e r r e l a t e d ;  f o r  example ,  
f l u c t u a t i o n s  in an n u a l  r a i n f a l l  can  a f f e c t  v e g e t a t i o n  c o v e r ,  
s o i l  m o i s t u r e  c o n d i t i o n s  and d i s t r i b u t i o n  of  s u r f a c e  w a t e r ,  
which w i l l  a f f e c t  b o th  r e f l e c t a n c e  c h a r a c t e r i s t i c s  o f  t h e  
t e r r a i n ,  and th e  c o n d i t i o n  and use  of  r a n g e l a n d .
Because o f  t h e  n a t u r e  of  t h e  p h y s i c a l  e nv i ronm en t ,  th e  
main economic a c t i v i t y  i s  c a t t l e  r e a r i n g ,  u t i l i z i n g  common 
g r a z i n g  l a n d .  Some a r a b l e  a g r i c u l t u r e  i s  u n d e r t a k e n  f o r  
s u b s i s t e n c e .  L i v e s t o c k  p r o d u c t i o n  ( i n c l u d i n g  l o c a l i s e d  sm al l  
s t o c k ;  sheep and g o a t s )  i s  c o n s i d e r e d  w i t h i n  th e  c o n t e x t  of  
i t s  i n t e r a c t i o n  w i th  t h e  n a t u r a l  env i ro n m en t .
The use  of  L an d sa t  MSS d a t a  f o r  t e r r a i n  a n a l y s i s  i s  
e v a l u a t e d  i n  C h a p te r  IV. T e r r a i n  a n a l y s i s  and c l a s s i f i c a t i o n  
u s in g  m u l t i s p e c t r a l  d a t a  i s  compared w i th  c o n v e n t i o n a l  methods ,  
and i n d i c e s  o f  e n v i ro n m en ta l  c o n d i t i o n s  (used  i n  c l a s s i f i c a t i o n )  
a r e  examined.  A method o f  a n a l y s i s  u s i n g  t h e  MSS d a t a  i s  
d e s c r i b e d ,  and th e  a p p l i c a b i l i t y  o f  v e g e t a t i o n  a s  an  index  
of  env i ro n m e n ta l  c o n d i t i o n s  i s  e v a l u a t e d .  Methods used  to  
h a n d le  t h e  d i g i t a l  d a t a  and th e  ad v a n ta g e s  and d i s a d v a n t a g e s
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a s s o c i a t e d  w i th  v i s u a l  and com pute r -based  c l a s s i f i c a t i o n  
p ro c e d u re s  a r e  a s s e s s e d .
The t e r r a i n  c l a s s i f i c a t i o n  was r e g a rd e d  a s  e s s e n t i a l  
f o r  p r o v i d i n g  a framework f o r  f u r t h e r  d e t a i l e d  s t u d y ,  u s in g  
L a n d s a t  MSS d a t a ;  in p a r t i c u l a r ,  th e  use  of  MSS d a t a  a s  a t o o l  
f o r  ran g e l a n d  su rvey  w i t h i n  t h e  Okavango r e g i o n .
The r o l e  of  MSS d a t a  in  p r o v id i n g  s p e c i f i c  i n f o r m a t i o n  
of  v a l u e  f o r  r a n g e l a n d  management i s  e v a l u a t e d  i n  C h ap te r  V.
The p a r t i c u l a r  r e l a t i o n s h i p s  examined a r e  t h o s e  be tween th e  
woody p l a n t  component of  r a n g e l a n d  v e g e t a t i o n  and th e  
r e f l e c t a n c e  c h a r a c t e r i s t i c s  of  t h e  t e r r a i n .  The im por tance  
o f  woody v e g e t a t i o n  w i t h i n  a r e a s  o f  r a n g e l a n d  i s  d e s c r i b e d .
The e x t e n t  t o  which i t  was p o s s i b l e  t o  deve lop  an  a c c u r a t e  
method o f  mapping s p a t i a l  v a r i a t i o n  i n  c o v e r  of  woody v e g e t a t i o n  
(based  on r e l a t i o n s h i p s  be tween c o v e r  and th e  r e f l e c t a n c e  d a t a )  
i s  examined.  The te c h n iq u e  deve loped  to  map woody c o v e r  i s  
d e s c r i b e d  in  d e t a i l .  O ther  r e l a t i o n s h i p s ,  such a s  th o s e  
between physiognomy, s t r u c t u r e  and s p e c i e s  c o m p o s i t io n  of 
woody v e g e t a t i o n  and t h e i r  a f f e c t  on r e f l e c t a n c e  c h a r a c t e r i s t i c s  
of  th e  t e r r a i n  b e i n g  s t u d i e d ,  were c o n s i d e r e d .  The r o l e  of  
physiognomic  d i f f e r e n c e s  of  woody v e g e t a t i o n  on r e f l e c t a n c e  
re s p o n s e s  i s  examined in  more d e t a i l  in  C h ap te r  VI.
Physiognomic d i f f e r e n c e s  in  v e g e t a t i o n  dominated  by woody p l a n t s  
were p r e s e n t  th ro u g h o u t  t h e  s tu d y  a r e a ,  i n  some i n s t a n c e s  
w i t h i n  a r e a s  dominated  by a  s i n g l e  s p e c i e s .  Th is  o c c u r s  i n  
th e  c a s e  o f  two p a r t i c u l a r  woody s p e c i e s ,  Colophospermum mopane 
and T e rm in a l i a  s e r i c e a .  C. mopane a l s o  has  a tendency t o  form
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a mosaic o f  open woodland and shrub sav an n a ,  w i th  d i s t i n c t  
b o u n d a r i e s  between th e  two physiognomic  t y p e s .  An a r e a  o f  
C. mopane mosaic was s e l e c t e d  f o r  the  p u rposes  o f  s t u d y i n g  th e  
a f f e c t s  o f  t h e s e  d i f f e r i n g  growth forms on r e f l e c t a n c e  r e s p o n s e s .  
The method and r e s u l t s  o f  t h e  a n a l y s i s  a r e  d e s c r i b e d ,  and t h e  
r o l e  o f  physiognomy examined.  Some s u g g e s t i o n s  as to  t h e  
fo rm a t io n  and m a in tenance  o f  th e  C. mopane mosaic  a r e  a l s o  
c o n s id e r e d .
The r e s u l t s  o f  t h e  s tu d y  a re  e v a l u a t e d  i n  t h e  f i n a l  
c h a p t e r  and some recommendations a r e  p r o v id e d  on t h e  u se  o f  
s a t e l l i t e  te ch n o lo g y  f o r  t e r r a i n  and r e s o u r c e  s u r v e y s ,  w i t h  
p a r t i c u l a r  emphasis  on i t s  a p p l i c a t i o n  i n  d e v e l o p in g  c o u n t r i e s .
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I I .  Bas ic  C o n s i d e r a t i o n s  Concern ing L an d s a t  M u l t i s p e c t r a l
Sensor  Data.
2.1 The concept  and r a t i o n a l e  of m u l t i s p e c t r a l  remote s e n s in g .
"A l l  o b j e c t s  w i t h i n  a n a t u r a l  l andscape  a b s o r b ,  t r a n s m i t ,  
r e f l e c t ,  and e m i t  r a d i a t i o n  s e l e c t i v e l y . "  (Po lcyn  e t  a l . ,
1969 ) .  D i f f e r e n t  o b j e c t s  v a ry  in  t h e i r  r e sponse  t o  
e l e c t r o m a g n e t i c  energy  a t  any p a r t i c u l a r  w a v e le n g th ,  and an  
i n d i v i d u a l  o b j e c t  w i l l  va ry  in  i t s  r e s p o n s e  i n  d i f f e r e n t  p a r t s  
of  t h e  e l e c t r o m a g n e t i c  spec t rum .  For example,  s o l a r  r a d i a t i o n  
i n c i d e n t  on a h e a l t h y  g reen  l e a f ,  w i l l  be h i g h l y  absorbed  i n  
t h e  v i s i b l e  r e d  p a r t  of t h e  spec trum (w ave le ng ths  a round  0 .65  
;jm) , and h i g h l y  r e f l e c t e d  i n  t h e  i n f r a - r e d  ( 0 .7 2  t o  1.3 jm )  
( f i g .  2 . 1 ) .  These d i f f e r e n c e s  a r e  c o n t r o l l e d  by a number of 
f a c t o r s ,  i n c l u d i n g  p i g m e n t a t i o n  and c e l l  s t r u c t u r e .
The concept  of m u l t i s p e c t r a l  remote se n s in g  i s  based  on 
v a r i a t i o n s  i n  r e s p o n s e  t o  t h e  e l e c t r o m a g n e t i c  spec t rum ,  which 
can be used t o  a i d  i n  t h e  i d e n t i f i c a t i o n  of  o b j e c t s  o r  ground 
f e a t u r e s  (Rehder ,  197 8 ) .  The c h a r a c t e r i s t i c  behav iour  of an 
o b j e c t  a t  any g iv e n  w ave leng th  i s  known a s  i t s  ' s p e c t r a l  
r e s p o n s e ' .  A ' s p e c t r a l  r e sp o n se  c u r v e '  f o r  an i d e a l i s e d ,  g reen  
l e a f  s u r f a c e  i s  shown i n  f i g u r e  2 . 1 .
Given t h a t  i n d i v i d u a l  o b j e c t s  p o s s e s s  c h a r a c t e r i s t i c  
r e s p o n s e  c u r v e s ,  t h e s e  o b j e c t s  may be d i s t i n g u i s h e d  from one 
a n o t h e r  on t h e  b a s i s  of  t h e i r  r e f l e c t a n c e  l e v e l s  i n  d i f f e r e n t  
p a r t s  of th e  spec trum .  A m u l t i s p e c t r a l  s e n s o r  system u s u a l l y  
d i v i d e s  t h e  spect rum i n t o  d i s c r e e t  u n i t s ,  t h e  s e n s o r  r e c o r d i n g
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t h e  r e f l e c t a n c e  (or  e m i t t a n c e )  l e v e l  of an o b j e c t  between 
s e l e c t e d  w ave leng th  r a n g e s .  C e r t a i n  systems use an  a r r a y  of 
cameras and p h o to g r a p h i c  f i l m ,  which i s  s e n s i t i v e  to  sm al l  
r a n g e s  of t h e  spec trum.  Other  advanced systems use an 
o p t i c a l - m e c h a n i c a l  s canne r  t o  r e c o r d  t h e  r a d i a n t  energy  l e v e l  
of t h e  o b j e c t s .  This  d a ta  i s  u s u a l l y  c o n v e r t e d  i n t o  d i g i t a l  
form, to  be t r a n s m i t t e d  t o  a ground s t a t i o n ,  or r e c o r d e d  on 
m a gne t ic  t a p e .  This  i s  done f o r  a number of u n i t s  o r  
wave-bands of  t h e  e l e c t r o m a g n e t i c  spec t rum ,  fo r  example th e  
L an d sa t  m u l t i s p e c t r a l  s enso r  (MSS) r e c o r d s  t h e  r e f l e c t a n c e  
l e v e l s  of  ground f e a t u r e s  a t  fo u r  d i s c r e e t  s e t s  o r  ' b a n d s '  of 
w a v e le n g th s .
M u l t i s p e c t r a l  remote s e n s in g  p r o v i d e s  a d v a n ta g e s  f o r  
i n t e r p r e t a t i o n  over  c o n v e n t io n a l  a e r i a l  pho tography ,  which i s  
c o n f in e d  t o  one or  more r e l a t i v e l y  b road  s p e c t r a l  r a n g e s .  The 
d i s t i n c t  d i f f e r e n c e s  between o b j e c t s  a t  p a r t i c u l a r  
w a v e le n g th s ,  a r e  o f t e n  obscu red  by a l a r g e  r a n g e .  The 
s e l e c t i o n  of  s p e c i f i c  d i s c r e e t  r a n g e s  f o r  p a r t i c u l a r  t a s k s  i s  
n o t  p o s s i b l e  w i t h  c o n v e n t io n a l  b l a c k  and w h i t e ,  ' t r u e '  co lou r  
or  c o lou r  i n f r a - r e d  f i l m s .
I n t e r p r e t a t i o n  of  ground c o n d i t i o n s ,  may in v o lv e  s i n g l e  
or  m u l t i p l e  band com bina t ions  of  th e  d a t a .  Recorded 
r e f l e c t a n c e  or  em i t t a n c e  l e v e l s  a r e  u s u a l l y  d i s p l a y e d  f o r  
i n t e r p r e t a t i o n  a s  e i t h e r  s i n g l e  band, b la c k  and w h i t e  images,  
or  as  m u l t i p l e  band,  co lou r  coded images ( s e e  s e c t i o n  2 . 4 . 2 ) .  
I n t e r p r e t a t i o n  of t h e  r e s u l t a n t  image i s  based  on t h e  t o n a l  or 
c o lo u r  v a r i a t i o n s  between o b j e c t s ,  r e f e r r e d  t o  a s  t h e  
' c o n t r a s t ' .  The r e l a t i v e  magnitude of t h e  v a r i a t i o n  i s  termed
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t h e  ' c o n t r a s t  r a t i o ' .  For example,  b l a c k  a s p h a l t  t y p i c a l l y
r e f l e c t s  about  two p e r c e n t  of s o l a r  energy i n c i d e n t  upon i t s
s u r f a c e ,  w h i l e  w h i t e  snow r e f l e c t s  about  e i g h t y  p e r c e n t ,  th e
c o n t r a s t  r a t i o  between th e s e  f e a t u r e s  i s  h ig h .  However,
t im b e r l a n d  r e f l e c t s  only  t h r e e  p e r c e n t  of t h e  i n c i d e n t
r a d i a t i o n ,  r e s u l t i n g  i n  a low c o n t r a s t  r a t i o  w i th  a s p h a l t .
The h i g h e r  t h e  r a t i o ,  th e  g r e a t e r  t h e  c o n t r a s t  and t h e  e a s i e r
i t  i s  t o  d i s t i n g u i s h  between f e a t u r e s .  I n t e r p r e t a t i o n  i s  n o t  
on
t o t a l l y  b a s e d ^ th e  c o n t r a s t  i n  s p e c t r a l  r e s p o n s e s ,  but  a l s o  on 
t e x t u r e ,  shape and s i z e  of v a r i o u s  f e a t u r e s  (Rehder ,  19 7 8 ) .  
However, i t  i s  t h e  s p e c t r a l  r e s p o n s e  ( to n e  or c o l o u r )  between 
a ground f e a t u r e  and t h o s e  s u r ro u n d in g  i t ,  which a l low s  a 
d e t e r m i n a t i o n  of  t h e  s i z e  and shape ( s p a t i a l  c h a r a c t e r i s t i c s )  
of  t h e  f e a t u r e  (H o f fe r ,  1978 ) .
D i s c r e e t  p a r t s  of  t h e  spec trum can be used t o  a c h i e v e  
p a r t i c u l a r  t a s k s .  The v i s i b l e  r e d  w a v e le n g th s  p rov ide  sharp  
c o n t r a s t s  between v e g e t a t i o n  and c l e a r e d  o r  b a r e  ground 
(Rehder ,  1 9 7 8 ) .  The v i s i b l e  b l u e - g r e e n  w a v e le n g th s  p rov ide  
u s e f u l  d a t a  on sha llow or  sed iment l a d e n  b o d ie s  of  w a t e r .  
Combinat ions  of  t h e s e  d i s c r e e t  bands o f t e n  p rov ide  g r e a t e r  
i n f o r m a t i o n  th a n  s i n g l e  bands .  The com bina t ion  of  r e d  and 
n e a r  i n f r a - r e d  w ave le ng th  d a t a ,  has  proved u s e f u l  in  
v e g e t a t i o n  s t u d i e s  (C ur ran ,  1980;  M i l l e r  and George,  1 9 ^ ;  
G r i f f i t h s  and C o l l i n s ,  1 9 8 3 ) .
M u l t i s p e c t r a l  d a t a  has  been  c o l l e c t e d  both  
p h o t o g r a p h i c a l l y ,  and i n  d i g i t a l  form. Both approaches  a r e  
f a r  more f l e x i b l e  t h a n  s im ple  monochrome or c o lou r  pho tography 
in  te rms  of  d a t a  a n a l y s i s ,  however,  d i g i t a l  d a t a  a l lo w s
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g r e a t e r  f l e x i b i l i t y  s t i l l .  D i g i t a l  da ta  i s  s u i t a b l e  f o r  
computer enhancement and f o r  q u a n t i t a t i v e  a n a l y s i s  and 
c l a s s i f  i c a t i o n .
2 ,2  The L an d s a t  M u l t i s p e c t r a l  Sensor System (MSS).
2 . 2 .1  Landsa t  s a t e l l i t e .
The L andsa t  system has been i n  o p e r a t i o n  s in c e  1972.
Four,  of t h e  s e r i e s  of s a t e l l i t e s ,  were i n  o p e r a t i o n  d u r in g  
p a r t  of t h e  p e r io d  1972 t o  1983 , which cove r s  t h e  L an d sa t  d a t a  
used i n  t h e  p r e s e n t  s tu d y .
The o r b i t a l  a l t i t u d e  of t h e  L a n d s a t  system i s  
a p p ro x im a te ly  900 k i l o m e t r e s  above t h e  e a r t h ' s  s u r f a c e .  I t  
o r b i t s  on a n e a r  p o l a r ,  sun -synchronous  p a t h ,  p a s s i n g  t h e  same 
p o s i t i o n ,  on t h e  e a r t h ' s  s u r f a c e ,  once every  18 days (o r  2 52 
o r b i t s )  (R ic h a rd so n ,  1978 ) .
The system c o l l e c t s  d a t a  a lo n g  a pa th  or ' s w a t h ' ,
ap p ro x im a te ly  185 k i l o m e t r e s  w ide .  The MSS system r e c o r d s
l e v e l s  of  r e f l e c t e d  s o l a r  r a d i a t i o n  from t h e  e a r t h ' s  s u r f a c e .
I t  c o l l e c t s  energy  l e v e l s  from fo u r  d i s t i n c t  s e c t i o n s  (or
' b a n d s ' )  of  t h e  e l e c t r o m a g n e t i c  spec t rum .  The r e f l e c t e d
r a d i a t i o n  h i t s  a r a p i d l y  o s c i l l a t i n g  m i r r o r ,  which f o c u s e s  t h e  
an
r a d i a t i o n  o n t o / a r r a y  of s e n s o r s  which r e c o r d  t h e  energy v a l u e s
and ccmver t  them t o  a d i g i t a l  fo rm a t .  The i n s t a n t a n e o u s  f i e l d  
of  view of each s e n s o r ,  of t h e  ground s u r f a c e ,  i s  79 m x 79 m. 
S igna l  c o n v e r s io n  t o  d i g i t a l  format r e s u l t s  i n  a 56 m. 
nominal  s p ac in g  between r e a d i n g s ,  in  t h e  d i r e c t i o n  of  scan 
( p e r p e n d i c u l a r  t o  t h e  l i n e  of f l i g h t ) .  T h e r e f o re ,  r e c o rd e d
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" im age '  v a l u e s  form a m a t r i x  of  56 m x 79 m c e l l s ,  w h i l e  the  
energy v a l u e s  measured a r e  d e r iv e d  from th e  f u l l  79 m x 79 m 
ground r e s o l u t i o n  squa re  ( L i l l e s a n d  and K i e f e r ,  1979 ) .  The 
s q u a re  i s  t h e  b a s i c  u n i t  of measurement,  t h e  v a l u e  r e c o r d e d  i s  
t h e  ave rage  r e f l e c t a n c e  f o r  t h a t  s q u a re ,  w i t h i n  a p a r t i c u l a r  
wave band.  The squa re  i s  u s u a l l y  known a s  a ' p i c t u r e  e l e m e n t '  
or ' p i x e l ' .
There a r e  nom ina l ly  3240 p i x e l s  a c r o s s  t h e  swath w id th  
( fo rm in g  one scan l i n e ) ,  w i th  a range  between about  3000 and 
3450 p i x e l s .  An MSS scene  i s  u s u a l l y  formed of about  2340 
scan  l i n e s .  Th is  g iv e s  a nominal  p i x e l  count  of 7, 581,600 pe r  
MSS band.
The ground a r e a  covered  by a s i n g l e  scene  i s  
a p p ro x im a te ly  185 km x 185 km,
2 . 2 . 2  Landsa t  MSS bands .
The MSS system re c o rd s  r e f l e c t a n c e  v a l u e s  i n  fou r  
d i s c r e e t  wave bands ( f i g .  2 . 1 ) .  These a r e  numbered Bands 4 t o  
7 ( t h e  f i r s t  t h r e e  of t h e  systems ch an n e ls  a r e  a l l o c a t e d  t o  a 
r e t u r n  beam v i d i c o n  system (SJBV)).
MSS band 4 ( g r e e n ,  0 .5  t o  0 .6  / m . ) . This  band i n c l u d e s  
t h e  low g re e n  peak of  v e g e t a t i o n  r e f l e c t a n c e  ( 0 .5 4  y m . ) .  
D e f i n i t i o n  of  ground f e a t u r e s  i n  t h i s  band i s  g e n e r a l l y  p o o re r  
t h a n  i n  t h e  o t h e r  t h r e e  bands .  Th is  i s  due t o  a tm o s p h e r ic  
s c a t t e r i n g  and  a b s o r p t i o n .
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MSS band 5 ( r e d ,  0 .6  to  0 .7  ^im. ) . Low v e g e t a t i o n  
r e f l e c t a n c e s ,  r e l a t e d  t o  high c h l o r o p h y l l  a b s o r p t i o n ,  a r e  
r e c o r d e d  i n  t h i s  band a t  0 . 6 5  pm. MSS band 5 p r o v id e s  t h e  
b e s t  g e n e ra l  d i s c r i m i n a t i o n  ove r  a wide range  of s u r f a c e
c o n d i t i o n s .  I t  i s  o f t e n  chosen i f  only a s i n g l e  band i s  t o  be
a c q u i r e d .
MSS band 6 ( r e d  t o  n e a r  i n f r a - r e d ,  0 .7  t o  0 . 8  p m . ) .  This  
band i n c l u d e s  t h e  r e g i o n  of g r e a t e s t  i n c r e a s e  from low v i s i b l e  
to  h igh  n e a r  i n f r a - r e d  v e g e t a t i o n  r e f l e c t a n c e  ( t h e  ' r e d  
e d g e ' ) .  The band i s  o f t e n  o m i t t e d  from composi te  images 
because  t h e  r e d  edge e f f e c t  can make i n t e r p r e t a t i o n  d i f f i c u l t .
MSS band 7 ( n e a r  i n f r a - r e d ,  0 . 8  t o  1.1 / i m . ) .  Maximum 
haze p e n e t r a t i o n  i s  a c h ie v e d  w i t h  t h i s  band.  ISS band 7 o f t e n  
has  t h e  h i g h e s t  r e f l e c t a n c e  v a l u e s  of  t h e  fo u r  MSS bands .
High r e f l e c t a n c e  from v e g e t a t i o n  i s  a f e a t u r e  of t h e  n e a r
i n f r a - r e d  r e g i o n  (0 ,7 2  t o  1.3 ^ . ) , and MSS band 7 ( H o f fe r  and
Johannsen ,  1 9 6 9 ) .  Th is  i s  due t o  t h e  c e l l u l a r  s t r u c t u r e  of 
l e a v e s ,  which s c a t t e r  energy in  t h e  n e a r  i n f r a - r e d  r a n g e .
Radiance v a l u e s  f o r  i n d i v i d u a l  p i x e l s  range  between 0 and 
255,  or  0 and 63 (depend ing  on t h e  d a t a  s o u r c e ) .  Zero 
r e p r e s e n t s  v e ry  low r e f l e c t a n c e s  and 255 ( o r  6 3 ) ,  r e p r e s e n t s  
v e ry  high r e f l e c t a n c e s .  The system was des ig n ed  t o  c o l l e c t  
d a t a  i n  a v a r i e t y  of i l l u m i n a t i o n  c o n d i t i o n s ,  from low l i g h t  
c o n d i t i o n s  i n  p o l a r  r e g i o n s ,  t o  b r i g h t  d e s e r t  a r e a s  ( L i l l e s a n d  
and K i e f e r ,  197 9 ) .  Thus,  p i x e l  v a l u e s  i n m o s t  L a n d s a t  s cenes  
occupy only  a sm al l  range  of t h e  p o s s i b l e  v a l u e s .
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2 . 2 . 3  Landsa t  d a t a  p r o d u c t s .
L andsa t  d a t a  i s  t r a n s m i t t e d  t o  ground r e c e i v i n g  s t a t i o n s  
a s  t h e  s a t e l l i t e  comes w i t h i n  range  d u r in g  i t s  o r b i t s .  I f  t h e  
s a t e l l i t e  i s  i n  r a n g e ,  i t  can c o l l e c t  and t r a n s m i t  d a t a  i n  
r e a l  t im e .  When out  of ran g e ,  th e  s y s t e m ' s  on board  t a p e  
r e c o r d e r s  a r e  used t o  s t o r e  d a t a .  S to rage  space i s  l i m i t e d  
and t h i s  has  r e s u l t e d  i n  s p a r s e  L an d sa t  coverage  of c e r t a i n  
p a r t s  of  t h e  w o r ld .
The d i g i t a l  d a t a  i s  p ro c e s s e d  by t h e  ground s t a t i o n s  and 
c o p ie d  t o  computer  c o m p a t ib le  tape  (CCT) f o r  g e n e r a l  u sage .  A 
number of d i f f e r e n t  f o rm a t s  a r e  p roduced ,  depending  on t h e  th e  
s o u r c e .  For example,  t h e  EROS d a t a  c e n t r e ,  i n  t h e  U n i te d  
S t a t e s ,  p roduces  t a p e s  w i th  2340 scan  l i n e s  pe r  scene ,  w h i l e  
t h e  Fucino r e c e i v i n g  s t a t i o n  ( I t a l y ) ,  p roduces  t a p e s  w i t h  2286 
l i n e s  (N ige l  P r e s s  A s s o c i a t e s ,  1 9 8 3 ) .  The image d a t a  s e t  i s  
r e g a r d e d  a s  a m a t r i x  of  scan  l i n e s  ( r o w s ) ,  and columns,  f o r  
d i g i t a l  p r o c e s s i n g .  I n d i v i d u a l  p i x e l s  can be l o c a t e d  u s in g  
t h e  m a t r i x  a s  a c o o r d i n a t e  g r i d .
Both CCT's and b a s i c  f i l m  p r o d u c t s  ( ' b u l k  p r o c e s s e d '  
im ag es ) ,  a r e  a v a i l a b l e  of L an d s a t  MSS d a t a .  D i g i t a l  d a t a  
(CCT's)  a r e  p r e f e r r e d  f o r  d e t a i l e d  a n a l y s i s ,  because  t h e  bu lk  
p r o c e s s i n g  of  f i l m  p r o d u c t s  does  n o t  a l low  fo r  t h e  f u l l  
dynamic range  of t h e  o r i g i n a l  d a t a  t o  be r e p ro d u c e d .  High 
s p a t i a l  r e s o l u t i o n  i s  a l s o  l o s t .  Var ious  s o f t - w a r e  packages  
and image a n a l y s i s  systems have  been deve loped  t o  dea l  w i th  
L an d sa t  d i g i t a l  d a t a .  Computer p r o c e s s i n g  of  L a n d s a t  d a t a  
p r o v id e s  c o n s i s t e n t  and au tom ated ,  enhancement,  c o r r e c t i o n  and
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c l a s s i f i c a t i o n  f a c i l i t i e s .
2.3 D i g i t a l  Image P r o c e s s in g  Sys tems,
Severa l  systems were used d u r in g  t h e  p e r i o d  of  the  
p r e s e n t  s tu d y .  A l i b r a r y  of image p r o c e s s i n g  programs was 
a v a i l a b l e  a t  Bedford  C o l lege  (C h an d le r ,  1977;  M a iz e l s ,  1977 ) ,  
and run  on t h e  London U n i v e r s i t y  CDC 6600 and 7600 com puters .  
The two computers  were de-commiss ioned  i n  m id -1 9 8 3 , and t h e  
program l i b r a r y  was no t  t r a n s f e r r e d  t o  a n o t h e r  computer 
system,  Bedford Col lege  a c q u i r e d  a DIAD image p r o c e s s i n g  
system (N ige l  P r e s s  A s s o c i a t e s ,  198 3 ) ,  i n  l a t e  1983,  which 
r e p l a c e d  t h e  p r e v io u s  f a c i l i t i e s .  The DiAD i s  l i n k e d  t o  t h e  
C o l l e g e ' s  VAX 11/780 computer .  L im i ted  computer  t ime was made 
a v a i l a b l e  on t h e  IDP3000 system a t  t h e  Royal A i r c r a f t  
E s t a b l i s h m e n t  (RAE, 197 8 ) ,  p r i o r  t o  t h e  a c q u i s i t i o n  of  th e  DIAD 
sys tem.
A l l  t h r e e  systems p ro v id ed  a number of d a t a  c o r r e c t i o n ,  
enhancement ,  and c l a s s i f i c a t i o n  o p t i o n s .  The number and 
q u a l i t y  of t h e  o p t i o n s  v a r i e d  w i t h  t h e  system used (M a iz e l s ,  
1977; N ige l  P r e s s  A s s o c i a t e s ,  1983; RAE, 197 8 ) .  Output 
images a l s o  v a r i e d ,  t h e  r e s u l t s  from t h e  Bedford  Col lege  
programs were l i n k e d  t o  a m i c r o f i l m  p l o t t e r ,  g iv i n g  h a r d  copy,  
monochrome, m i c r o f i l m  c h ip s  ( p o s i t i v e  and n e g a t i v e ) .  Simple 
l i n e  p r i n t e r  o u tp u t  was a l s o  a v a i l a b l e ,  t h i s  a i d e d  p r o c e s s i n g ,  
a s ,  u n l i k e  t h e  o t h e r  two sys tem s ,  r e s u l t a n t  images were  no t  
i n t e r a c t i v e l y  d i s p l a y e d  t o  t h e  o p e r a t o r  v i a  a m on i to r  
s c r e e n .T h e  o t h e r  systems were  l i n k e d  t o  h igh  q u a l i t y  co lour  
m o n i t o r s ,  used  f o r  i n t e r a c t i v e  work,  which p ro v id ed  r e l a t i v e l y
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good r e s u l t s  when t h e  s c r e e n  was pho tographed .
2 .4  Landsa t  Data C o r r e c t i o n  and Enhancement.
2 . 4 .1  Data c o r r e c t i o n .
A number of c o r r e c t i o n  (and enhancement)  p r o c e d u r e s  were 
used d u r in g  t h e  p r e s e n t  s tu d y ,  t h e  main p r o c e d u re s  a r e  
o u t l i n e d  below.
C o r r e c t i o n  of  bo th  r a d i o m e t r i c  and geom e t r ic  f a c t o r s  were  
made. Rad iom et r ic  d i s t o r t i o n s  occur  when t h e  r e c o r d e d  d i g i t a l  
v a l u e s  do not  co r re s p o n d  t o  t h e  ground r e f l e c t a n c e  v a l u e s .  
Geometr ic  d i s t o r t i o n  o c c u r s  where  t h e  r e l a t i v e  p o s i t i o n  of  
f e a t u r e s  on t h e  imagery do no t  c o r re s p o n d  w i t h  th o s e  on t h e  
ground.
The L an d s a t  system has an  a r r a y  of s i x  d e t e c t o r s  f o r  each 
MSS band.  The c a l i b r a t i o n  of  t h e  i n d i v i d u a l  d e t e c t o r s  changes  
ove r  t im e .  The s a t e l l i t e  c o n t a i n s  an  a u t o m a t i c  r e c a l i b r a t i o n  
system,  however,  t h e  c o r r e c t i o n s  may no t  a lways  f u l l y  r e a l i g n  
a m i s - f u n c t i o n i n g  d e t e c t o r  w i th  t h e  o t h e r  f i v e .  In which case 
a ' s i x t h - l i n e  ban d in g '  e f f e c t  may be seen  on t h e  imagery .  Two 
o p t i o n s  were  a v a i l a b l e  on t h e  DIAD system t o  overcome t h i s  
e f f e c t ,  e i t h e r  a s imple  r ep la cem e n t  of t h e  d e f e c t i v e  l i n e s  by 
one of t h e i r  ne ig h b o u rs  was used ,  or  a p ro c e d u re  which 
c o r r e c t e d  each  p i x e l  u s in g  t h e  ave rage  of i t s  n e i g h b o u r in g  
p i x e l s  (above and below) was used .  F o r t u n a t e l y ,  most of t h e  
L a n d s a t  imagery o b t a i n e d  f o r  t h e  Okavango r e g i o n  was of  good 
q u a l i t y ,  and ' d e s t r i p p i n g '  p ro c e d u re s  r a r e l y  u sed .  S im i l a r  
c o r r e c t i o n s  were  used  when a s i n g l e  l i n e  of d e f e c t i v e  d a t a  was
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e n c o u n t e r e d .  These c o r r e c t i o n  p ro c e d u re s  a r e  p u re ly  cosm et ic  
and do no t  t r u  ly  c o r r e c t  t h e  d a ta  i n  te rms  of th e  ground 
r e f l e c t a n c e  l e v e l s .
Image v a l u e s  a r e  a l s o  a f f e c t e d  by e x t e r n a l  f a c t o r s  a s  
w e l l  as  systems problems.  Recorded v a l u e s  can be a l t e r e d  by 
' a i r - l i g h t '  r e f l e c t e d  from th e  a tm osphere  ( L i l l e s a n d  and 
K i e f e r ,  1 9 7 9 ) .  Th is  haze  e f f e c t  can be d e c re a s e d  by ' c o n t r a s t  
s t r e t c h i n g '  ( a n  enhancement p r o c e d u r e ;  see  s e c t i o n  2 . 4 . 2 ) .
Geometr ic  d i s t o r t i o n s  occur  f o r  a number of r e a s o n s .  The 
h igh  a l t i t u d e  and sm al l  f i e l d  of view of t h e  L a n d s a t  system 
means t h a t  th e  d a t a  i s  r e l a t i v e l y  f r e e  of panoramic 
d i s t o r t i o n s  and r e l i e f  d i s p l a c e m e n t s  ( L i l l e s a n d  and K i e f e r ,  
197 9 ) .  t h e  main d i s t o r t i o n s  a s s o c i a t e d  w i t h  th e  d a t a  a r e  th e  
r e s u l t  of v a r i a t i o n s  i n  a l t i t u d e ,  a t t i t u d e  and v e l o c i t y  of t h e  
s a t e l l i t e  p l a t f o r m .  C e r t a i n  of  t h e s e  d i s t o r t i o n s  a r e  
p r e d i c t a b l e ,  f o r  example t h e  e f f e c t  of t h e  r o t a t i o n  of  th e  
e a r t h  benea th  t h e  s a t e l l i t e .  Th is  can be c o r r e c t e d  by 
o f f - s e t t i n g  t h e  i n d i v i d u a l  scan  l i n e s  of  an image by a 
s p e c i f i c  amount,  t h i s  l e a d s  t o  t h e  t y p i c a l  skewed 
p a r a l l e l o g r a m  shape of c o r r e c t e d  L a n d s a t  imagery .  D i s t o r t i o n s  
a s s o c i a t e d  w i t h  changes i n  t h e  o r i e n t a t i o n  of  t h e  s a t e l l i t e  
v i s - a - v i s  t h e  e a r t h  s u r f a c e  a r e  u n p r e d i c t a b l e .  These can be 
c o r r e c t e d  i f  t h e r e  i s  a d eq u a te  geom et r ic  ground r e f e r e n c e  d a t a  
a v a i l a b l e ,  u s u a l l y  in  t h e  form of maps o r  p o s s i b l y  a e r i a l  
p h o to g ra p h s .  Geomet ric  c o r r e c t i o n s  of  u n p r e d i c t a b l e  
d i s t o r t i o n s  a r e  t ime consuming and were  only  used  d u r in g  t h e  
p r e s e n t  s tudy where a b s o l u t e l y  n e c e s s a r y .  The geom et r ic  
c o r r e c t i o n  p ro ced u re  a v a i l a b l e  on t h e  DIAD sys tem was used ,  i t
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i n v o lv e d  c o l l e c t i n g  c o n t r o l  p o in t  d a t a  on t h e  ground r e f e r e n c e  
maps and c o r r e s p o n d in g  p o s i t i o n s  on t h e  imagery u s in g  
i d e n t i f i a b l e  f e a t u r e s  on bo th .  A sq u a re  g r i d  c o - o r d i n a t e  s e t  
i s  r e q u i r e d  on t h e  map and t h e  l i n e  and column numbers a r e  
used f o r  t h e  image c o n t r o l  p o i n t s .  The c o n t r o l  p o i n t s  a r e  
used t o  un d e r ta k e  a ' l e a s t  s q u a re s  r e g r e s s i o n  a n a l y s i s '  which 
de te rm ine  t h e  t r a n s f o r m a t i o n  e q u a t i o n s  which i n t e r r e l a t e  th e  
geog rap h ic  and image c o - o r d i n a t e s  (N igel  P r e s s  A s s o c i a t e s ,  
1 983 ) .  These e q u a t i o n s  a r e  t h e n  a p p l i e d  t o  t h e  o r i g i n a l  image 
d a t a ,  which i s  c o r r e c t e d  t o  t h e  ground c o - o r d i n a t e  m a t r i x .  
' N e a r e s t  n e i g h b o u r '  r e sam pl ing  i s  used t o  a l l o c a t e  t h e  b e s t  
f i t  d a t a  ( r e f l e c t a n c e )  v a l u e s  from t h e  o r i g i n a l  p i x e l s  t o  t h e  
new m a t r i x  of  c e l l s  c r e a t e d  by t h e  c o r r e c t i o n .
2 . 4 . 2  Data enhancement.
Enhancement p ro c e d u re s  a r e  u s u a l l y  u n d e r t a k e n  t o  improve 
t h e  i n t e r p r s t a b i l i t y  of imagery g e n e r a t e d  from t h e  o r i g i n a l  
d a t a .  The usua l  aim i s  t o  i n c r e a s e  t h e  c o n t r a s t  between 
v a r i o u s  scene f e a t u r e s .  The d a t a  i s  t h e n  i n  a form which may 
f a c i l i t a t e  image c l a s s i f i c a t i o n  o r  f u r t h e r  d e t a i l e d  
enhancement.  Image c l a s s i f i c a t i o n  i n v o l v e s  c o n v e r t i n g  t h e  
scene i n t o  d i s c r e t e  c l a s s e s  which convey s p e c i f i c  i n f o r m a t i o n ,  
t h e  r e s u l t  of i n t e r p r e t a t i o n .
An enhancement p ro ced u re  commonly used t o  improve scene 
c o n t r a s t  i s  t h e  ' c o n t r a s t  s t r e t c h ' .  As men t ioned  above,  t h i s  
i s  u s e f u l  in  d e c r e a s i n g  t h e  e f f e c t  of haze on image c o n t r a s t .  
The c o n t r a s t  s t r e t c h  i s  a ' p o i n t  o p e r a t i o n ' ,  ( a n  o p e r a t i o n  
which m o d i f i e s  t h e  b r i g h t n e s s  v a l u e s  of  each p i x e l  in  a d a t a
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s e t  i n d e p e n d e n t l y ) .  This  o p e r a t i o n  was used t o  e i t h e r ,
enhance t h e  whole image or to  s e l e c t i v e l y  enhance p a r t s  of  t h e
d a t a  s e t  to  i n c r e a s e  the  v i s u a l  c o n t r a s t  between a r e a s  of
s i m i l a r  r e f l e c t a n c e  v a l u e s .  The MSS system was des igned  t o
accommodate a wide range  of scene i l l u m i n a t i o n  c o n d i t i o n s .  The
v a lu e  of t h e  m a j o r i t y  of p i x e l s  w i l l  t h e r e f o r e  tend  t o  f a l l
w i t h i n  a smal l  p o r t i o n  of  t h e  p o s s i b l e  range  of ' g r e y '  s c a l e
v a l u e s ,  r e s u l t i n g  i n  a low c o n t r a s t  d i s p l a y .  A c o n t r a s t
s t r e t c h  of t h e  d a ta  expands t h e  range of v a l u e s ,  so they  a r e
d i s p l a y e d  o v e r  t h e  f u l l  range of p o s s i b l e  t o n a l  v a l u e s
( L i l l e s a n d  and K i e f e r ,  197 9 ) .  The range  of v a l u e s  f o r  an
image can be p r e s e n t e d  a s  a h i s to g ra m  ( f i g .  2 . 2 a )  from which
th e  range  f o r  any s p e c i f i c  s t r e t c h  can be chosen .  The range
of v a l u e s  can be s e t  m a n u a l ly ,  or  by computer  (which u ses  t h e
minimum and maximum v a l u e s  f o r  t h e  whole  d a t a  s e t  t o  g e n e r a t e
an a u t o m a t i c  c o n t r a s t  s t r e t c h  (M a iz e l s ,  1 9 7 7 ) .  The usua l  form
of c o n t r a s t  s t r e t c h  used ,  was a l i n e a r  s t r e t c h .  The range  of
v a l u e s  of an image were u n i fo rm ly  expanded t o  f i l l  t h e  t o t a l
d i s p l a y  range of t h e  ou tp u t  d e v i s e  ( f i g .  2 . 2 b ) .  This  s t r e t c h
was used  a s  a p r e l i m i n a r y  enhancement on a l l  of t h e
s u b - s c e n e s .  One problem i s  t h a t  i t  a s s i g n s  a s  many d i s p l a y
l e v e l s  t o  i n f r e q u e n t l y  o c c u r r i n g  v a l u e s  a s  t o  th o s e  f r e q u e n t l y
o c c u r r i n g .  This  may be overcome by a s s i g n i n g  t h e  d i s p l a y
range e x c l u s i v e l y  t o  a p a r t i c u l a r  p a r t  of t h e  range  of image
v a l u e s  ( f i g .  2 . 2 d ) .  Th is  i s  h i g h l y  s e l e c t i v e ,  and p i x e l s
o u t s i d e  of t h e  chosen  range  become ' s a t u r a t e d '  a t  one or  o t h e r
end o f  t h e  d i s p l a y  r ange ,  and a p p e a r  as b la n k  a r e a s  on t h e
r e s u l t a n t  image.  Th is  ty pe  of ' s p e c i a l  s t r e t c h '  was used 
enhance
s p e c i f i c a l l y  t q / p a t t e r n s  w i t h i n  t h e  major  s u b - d i v i s i o n s  of  t h e
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Fig. 2.2 Principle of contrast  stretch enhancement
[Af t er  L i l l e s a n d  a n d  K ie f e r ,  19 79 )
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l a n d s c a p e ,
Dens ity  s l i c i n g  p r o v i d e s  a more s p e c i f i c  enhancement of 
image d a t a .  I t  i s  used t o  p rov ide  an  o b j e c t i v e  i d e n t i f i c a t i o n  
of a r e a s  of equal  tone a c r o s s  an  image.  A s l i c e d  image i s  
g e n e r a t e d  by a s s i g n i n g  s i n g l e  c o l o u r s  o r  "g rey  l e v e l s "  t o  
d i f f e r e n t  r a n g e s  of  t o n a l  v a l u e s  i n  a s i n g l e  band.  This  
a l l o w s  o b j e c t i v e  compar isons  of  tone between noncon t iguous  
a r e a s  (Townshend, 1 9 8 1 a ) .T h i s  i s  im p o r ta n t  because p e r c e p t i o n  
of a tone can be i n f l u e n c e d  by those  of n e ig h b o u r in g  a r e a s .  
Th is  was used a t  a l l  l e v e l s  of  a n a l y s i s  d u r in g  t h e  p r e s e n t  
s tudy and p a r t i c u l a r l y  t o  i d e n t i f y  r e p e t i t i v e  p a t t e r n s  w i t h i n  
t h e  L a n d s a t  s c e n e s ,  c o r r e s p o n d in g  t o  p a t t e r n s  i n  t h e  
l a n d s c a p e .  A d e n s i t y  s l i c e  can on ly  be per formed on one MSS 
band a t  a t ime and can  be r e g a r d e d  a s  a s imple  form of 
c l a s s i f i c a t i o n  w i t h i n  t h e  s i n g l e  band.
Enhanced images produced from r a t i o s  of  m u l t i p l e  band 
d a t a  was a l s o  u sed .  R a t io  images a r e  p r e p a re d  by d i v i d i n g  t h e  
v a l u e  of each p i x e l  of a band by t h e  v a l u e  of t h e  
c o r r e s p o n d in g  p i x e l  in a n o t h e r  band.  O r i g i n a l  u n s t r e t c h e d  
d a t a  was used t o  compute t h e  r a t i o ,  and a c o n t r a s t  s t r e t c h  
a p p l i e d  t o  t h e  r e s u l t a n t  image.  On a r a t i o  image th e  ex t reme 
b l a c k  and w h i t e  to n e s  of  t h e  grey s c a l e  r e p r e s e n t  maximum 
d i f f e r e n c e s  be tween t h e  v a l u e s  f o r  c o r r e s p o n d in g  p i x e l s  i n  t h e  
two bands ( S a b i n s , 1 9 7 8 ) . The da rk  t o n e s  a r e  a r e a s  f o r  which 
t h e  denominato r  of t h e  r a t i o  i s  g r e a t e r  t h a n  t h e  numera to r  and 
t h e  r e v e r s e  i s  t r u e  f o r  t h e  l i g h t e r  a r e a s .
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Simple r a t i o s  of  one band over  a n o t h e r ,  or  more complex 
r a t i o s ,  were c a l c u l a t e d  and d i s p l a y e d  a s  images on a c o lou r  
m o n i to r .  From a number of t h e s e  r a t i o s ,  which can be s t o r e d  
i n  t h e  computer  memory, f a l s e  c o lo u r  com pos i te s  were  g e n e r a t e d  
and f u r t h e r  enhanced.  Var ious  r a t i o  com bina t ions  were  t e s t e d  
on s e l e c t e d  s u b - s c e n e s  of  t h e  Okavango a r e a .
S p e c i f i c  c o m b in a t io n s ,  a s s o c i a t e d  w i th  r e f l e c t a n c e  and 
a b s o r p t i o n  of l i g h t  by p l a n t  t i s s u e ,  were t e s t e d .  In 
p a r t i c u l a r ,  a r a t i o  of MSS band 7 ( h i g h l y  r e f l e c t e d  by h e a l th y  
v e g e t a t i o n )  o ve r  MSS band 5 (h ig h  a b s o r p t i o n  by p l a n t s ,  f o r  
p h o t o s y n t h e s i s ) ,  was used t o  enhance v e g e t a t i o n  p a t t e r n s  
(C u r ran ,  1 9 8 0 ) .  A sum n o rm a l i s e d  r a t i o  of t h e s e  bands was 
a l s o  t e s t e d ;
MSS band 7 -  MSS band 5
MSS band 7 + ISS band 5
M i l l e r  and George (1980) su g g e s t  " . . . t h a t  s p a r s e  
v e g e t a t i o n  from a more a r i d  c l i m a t e  migh t  f av o u r  t h e  use  of 
t h e  d i f f e r e n c e  of suns r a t i o . "
A nother  approach t o  d e a l i n g  w i t h  m u l t i p l e  band im a g e ry , 
i s  t o  ap p ly  s t a t i s t i c a l  t e c h n iq u e s  which o p e r a t e  on a l l  th e  
MSS bands t o g e t h e r .  P r i n c i p a l  Components A n a l y s i s  (PCA) has  
been used  t o  enhance m u l t i p l e  band im agery .  PCA f a c i l i t a t e s  
i n t e r p r e t a t i o n  by r e d u c in g  redundancy between t h e  bands ,  
i n f o r m a t i o n  t h a t  a p p e a r s  i n  more t h a n  one band i s  c o n s id e r e d  
a s  be ing  of  no l e s s  p o t e n t i a l  va lue  t h a n  t h a t  i n  a n o t h e r  
(Byrne e^ ^ . ,  198 0 ) .  PCA was performed on t h e  Okavango d a t a
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on t h e  DIAD system.  PCA e s s e n t i a l l y  t r a n s f o r m s  t h e  image 
v a l u e s  i n t o  an a l t e r n a t i v e  s e t  of measurement a x e s .  New axes  
a r e  p o s i t i o n e d  w i t h i n  t h e  m u l t i - b a n d  d a ta  s e t ,  such t h a t  t h e  
f i r s t  a x i s  a c c o u n t s  f o r  most of th e  v a r i a t i o n  w i t h i n  t h e  d a t a  
s e t .  The subsequen t  axes  accoun t  f o r  s u c c e s s i v e l y  s m a l l e r  
amounts of  t h e  v a r i a t i o n .  The f i r s t  a x i s  or  " p r i n c i p a l  
component" o f t e n  c o n t a i n s  t h e  v a s t  m a j o r i t y  of th e  v a r i a n c e  i n  
t h e  o r i g i n a l  d a t a  s e t ,  e f f e c t i v e l y  p r o v id i n g  a " . . . s i n g l e - b a n d  
com posi te  of th e  m u l t i s p e c t r a l  d a t a . "  ( L i l l e s a n d  and K i e f e r ,  
1 979 ) .  Black and w h i t e  images of  th e  i n d i v i d u a l  components 
were g e n e ra te d  o r  combined a s  c o lou r  com pos i te s .
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I I I .  P h y s i c a l  and Economic Background t o  t h e  Study Area.
3.1 I n t r o d u c t i o n .
The study  a r e a  i s  l o c a t e d  i n  t h e  Ngamiland A d m i n i s t r a t i v e  
D i s t r i c t  of n o r t h e r n  Botswana ( f i g .  3 . 1 ) .  The D i s t r i c t  
o c c u p ie s  n e a r l y  one f i f t h  (87 ,2 8 8  squa re  k i l o m e t r e s )  of t h e  
t o t a l  l and  a r e a  of Botswana.  Ngamiland i s  e n t i r e l y  w i t h i n  t h e  
physiographic r e g i o n  known a s  t h e  K a la h a r i  T a b l e l a n d .  The 
K a la h a r i  c o v e r s  84.3% (453,041 s q u a re  k i l o m e t r e s )  of  t h e  whole 
coun t ry  (Fosb rooke ,  1971) .
The K a l a h a r i  i s  a s e m i - a r i d  t a b l e l a n d ,  dominated by dry 
bush or  t r e e  savanna ( F i e l d ,  197 8 ) ,  The s o i l s  a r e  g e n e r a l l y  
poor ,  c o n s i s t i n g  of brown, grey or  w h i t e  a e o l i a n  sands (Weare, 
1971 ) .  The K a la h a r i  r e g i o n  i s  c l a s s i f i e d  a s  h av ing  a d ry ,  
s t eppe  c l i m a t e ,  w i th  mean annual  t e m p e r a t u r e s  o ve r  18*C (BSh),  
u s in g  t h e  Koppen-Geiger C l a s s i f i c a t i o n .
The Okavango R ive r  f lows  i n t o  Ngamiland from t h e  n o r t h ,  
t h e  w a t e r s  s p r e a d in g  ou t  over  K a l a h a r i  d e p o s i t s  t o  form a 
l a r g e  i n l a n d  d e l t a .  The s tudy  a r e a  c o n s i s t s  of  t h e  s o u th e r n  
and s o u t h - e a s t e r n  f r i n g e s  of  t h e  d e l t a  ( f i g .  3 . 2 ) .  The 
p resence  of t h e  abundant  w a t e r s  of  t h e  d e l t a ,  has c r e a t e d  
c o n d i t i o n s  f o r  a nember of p l a n t  communit ies  t h a t  would n o t  
o th e rw is e  be found i n  t h e  h a r s h  K a l a h a r i  env i ronm ent .  The 
D e l t a  and t h e  B o t e t i  R ive r  a r e  a focus  f o r  man and h i s  
domest ic  s t o c k ,  as  w e l l  as  w i l d l i f e .
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Fig. 3.1 Map of Botsw ana  showing the location of the Ngamiland 
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Fig. 3.2 Map showing the location of the study area.
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The study  a r e a  i n c l u d e s  t h e  Lake Ngami r e g i o n  t o  t h e  
sou th  of t h e  d e l t a ,  and ex tends  t o  th e  Shorobe-Gomoti a r e a  to  
t h e  n o r th  of Maun. I t  i n c l u d e s  t h e  Haina Veld ,  sou th  of th e  
B o t e t i .  Th is  a r e a  encompasses t h e  main zone of both 
commercial and s u b s i s t e n c e  a g r i c u l t u r e  i n  Ngamiland,  as  w e l l  
as  t h e  h i g h e s t  human p o p u l a t i o n  d e n s i t i e s .  The i n t e r i o r  of 
t h e  d e l t a  i s  remote ,  s p a r s e l y  p o p u la te d ,  and u n s u i t a b l e  f o r  
s t o c k  r e a r i n g .  The p resence  of T s e t s e  f l y  th roughou t  much of 
t h e  d e l t a  and t h e  n o r t h e r n  and e a s t e r n  f r i n g e s ,  i s  a l i m i t i n g  
f a c t o r  on t h e  sp read  of  p o p u l a t i o n  t o  t h e s e  a r e a s .  The 
w e s t e r n  marg in  i s  p o p u la te d ,  but  of much l e s s  economic 
impor tance  th a n  t h e  so u th .
3 .2  Geology and geomorphology.
Ngamiland has  a s c a r c i t y  of bedrock  e x p o s u r e s ,  t h e  
m a j o r i t y  of t h e  s o l i d  geology i s  b u r i e d ,  o f t e n  ve ry  d e e p ly ,  
benea th  d r i f t  d e p o s i t s .  W i th in  t h e  s tudy  r e g i o n ,  few o u tc ro p s  
a r e  to  be found.  South of Lake Ngami a smal l  o u t c ro p  of  Karoo 
Sed im en ts  i s  found ,  and f u r t h e r  t o  t h e  e a s t  t h e  Kgwebe H i l l s  
form t h e  only  high ground i n  an  o th e rw i s e  r e l a t i v e l y  f l a t  
l a n d s c a p e .  The Kgwebe H i l l s  g iv e  t h e i r  name to  a f o r m a t io n  of 
q u a r t z - f e l d s  p a r , porphyry and d i a b a s e ,  which a l s o  g iv e s  r i s e  
t o  h i l l s  f u r t h e r  to  t h e  sou th  (H u tc h in s  ep a l . ,  1 9 7 6 ) .  A 
p i c t u r e  of t h e  bedrock  geology fo r  t h e  m a j o r i t y  of  t h e  d e l t a  
r e g i o n  i s  l i m i t e d ,  based on b o re h o le  and s e i s m i c  s u rv e y s .
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A number of l a r g e  f a u l t  s t r u c t u r e s  can be seen  on t h e  
L andsa t  imagery of th e  d e l t a ,  t h e se  seem to  have c o n t r o l l i n g  
i n f l u e n c e s  over  the  d i r e c t i o n  of  f low of th e  Okavango River  
i t s e l f  and of  i t s  d i s t r i b u t a r i e s .  With in  t h e  s tudy  r e g io n ,  
two major  f a u l t s  o c c u r ,  t h e  Thamalakane and Kunyere.  the se  
two a p p a r e n t l y  c o n t r o l  t h e  f low a t  t h e  d i s t a l  end of  th e  
d e l t a ,  r i v e r s  of  t h e  same names occupy p a r t s  of  th e  f a u l t  
zones  ( s e e  f i g .  3 . 2 ) .  Both f a u l t s  a r e  downthrown t o  t h e  
n o r th -w e s t  (H u tch in s  e t  a l , , 197 6 ) .  To t h e  downthrow s id e  of 
t h e  Kunyere,  t h e  bed rock  i s  th o u g h t  t o  be Karoo Sed iments  
( s a n d s to n e  and s h a l e ) ,  w i th  t h e  Kgwebe f o r m a t io n  between t h e  
f a u l t s .  South and e a s t  of  Lake Ngami t h e  d r i f t  i s  th o u g h t  t o  
o v e r l i e  r o c k  of  t h e  Ghanzi  f o r m a t io n  ( q u a r t z i t e ,  s h a l e  and 
1 i m e s t o n e ) .
O ver ly ing  t h e  bedrock  of  most of th e  r e g i o n  a r e  t h i c k  
beds of  u n c o n s o l i d a t e d  m a t e r i a l  of T e r t i a r y  t o  Recent  age .  
These d e p o s i t s  a r e  known a s  t h e  K a la h a r i  Beds, c o n s i s t i n g  of  
w h i te  and brown, medium t o  f i n e  g r a i n  sands and s i l t s .  These 
beds may be up t o  300 m e t re s  t h i c k  i n  p l a c e s ,  but  a v e ra g in g  
c o n s i d e r a b l y  l e s s .  L a c u s t r i n e ,  a e o l i a n  and a l l u v i a l  d e p o s i t s  
a r e  r e c o g n i s e d  ( S t a r i n g ,  197 8 ) ,  bu t  smal l  t e x t u r a l  d i f f e r e n c e s  
make d i s t i n c t i o n  d i f f i c u l t .  They a r e  commonly mixed, w i th  
some a l l u v i a l  d e p o s i t s  p o s s i b l y  d e r iv e d  from o l d e r  l a c u s t r i n e  
or  a e o l i a n  m a t e r i a l . The sands a r e  f a i r l y  u n i fo rm ly  f i n e  
g r a in e d  over  t h e  whole r e g i o n ;  s i e v e  a n a l y s i s  (ÜNDP/FAO, 1977) 
of  s i t e s  i n  and around  t h e  d e l t a  produced a median g r a i n  s i z e  
of 0.25mm. The r e s u l t s  f o r  Maun w ere ,  a median  g r a i n  s i z e  of 
0 .2 Oram, w i th  lower and upper  q u a r t i l e  v a l u e s  of  0.15mm and
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0 . 2 5mm. L i t t l e  i s  know of th e  s u c c e s s io n  and s t r u c t u r e  of 
th e s e  s u p e r f i c i a l  fo rm a t io n s .
A s s o c i a t e d  w i th  t h e  s e m i - c o n s o l i d a t e d  K a la h a r i  Beds a r e  
h a rd  c o n c r e t i o n a r y  l e n s e s  of  c a l c r e t e  and s i l c r e t e .
The hydrology of th e  d e l t a  r e g i o n  i s  d e s c r i b e d  i n  some 
d e t a i l  by Wilson and Dincer (1 9 7 6 ) .  The Okavango R iv e r  f lows 
i n t o  Botswana from i t s  catchment i n  Angola,  and s u p p l i e s  t h e  
f low to  t h e  whole d e l t a .  The Boro channel  s u p p l i e s  t h e  
m a j o r i t y  of t h e  f low t h a t  r e a c h e s  t h e  d i s t a l  end of th e  d e l t a ,  
and t h e  s tudy  a r e a .  Toge ther  w i th  th e  w a t e r s  from t h e  l e s s e r  
M borogha-San tan tad ibe  system, t h e  Boro s u p p l i e s  t h e  
Thamalakane . The l a t t e r  d i s c h a r g e s  i n t o  t h e  B o t e t i ,  which 
c a r r i e s  t h e  r em a in ing  f low away from th e  d e l t a .  A p r o p o r t i o n  
of t h e  w a te r  may o v e r s p i l l  i n t o  t h e  Nghabe, which d i s c h a r g e s  
i n t o  Lake Ngami d u r in g  y e a r s  of  h igh r a i n f a l l  in  t h e  
ca tchm en t .  A g r e a t  dea l  of t h e  f low i s  l o s t  th rough  
é v a p o t r a n s p i r a t i o n  over  th e  d e l t a ,  on ly  about  two p e r c e n t  of 
t h e  w a te r  e n t e r i n g  t h e  d e l t a ,  r e a c h e s  t h e  B o t e t i  R iv e r .
The d e l t a  r e g i o n  may be d i v i d e d  i n t o  t h r e e  broad p h y s i c a l  
zones ,  which may in  t u r n  be s u b - d iv id e d  i n t o  c h a r a c t e r i s t i c  
t e r r a i n  u n i t s  ( s e e  c h a p t e r  I V ) . The zones  a r e ,  t h e  Okavango 
D e l t a  i t s e l f ,  t h e  su r ro u n d in g  (and i n  p l a c e s  i n t e r d i g i t a t i n g )  
san d v e ld  c o u n t r y ,  and v a r i o u s  b a s i n s  t h a t  form t h e  t e rm in a l  
s in k s  f o r  th e  w a t e r s  of  th e  d e l t a  (Lake Ngami, t h e  Ma babe 
d e p r e s s i o n ,  and t h e  Makgadigadi  Pan complex) .  Small  a r e a s  of  
up land  a r e  found where bedrock  i s  n e a r  to  t h e  s u r f a c e  or 
o u t c r o p s ,  however th e s e  a r e  no t  e x t e n s i v e  and a r e  c o n s id e re d
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w i t h i n  t h e  sandve ld  zone .  The s tudy r e g i o n  i n c l u d e s  p a r t s  of 
a l l  t h r e e  p h y s i c a l  zones .
Chapter  IV d e s c r i b e s  t h e  t e r r a i n  c l a s s i f i c a t i o n  used  i n  
t h e  p r e s e n t  s tu d y ,  o u t l i n i n g  i n  d e t a i l  t h e  gecm orpholog ic a l  
f e a t u r e s  of th e  t e r r a i n  u n i t s  and t h e i r  i n d i v i d u a l  l and  
elemen t 8.
The d e l t a  a r e a  t h a t  i s  i n c l u d e d  i n  t h e  s tudy a r e a ,  i s  a t  
t h e  d i s t a l  end of  t h e  d e l t a  and on ly  s e a s o n a l l y  f lo o d e d .  I t  
c o n s i s t s  of  a complex mosaic  of  c h a n n e l s ,  wide g ra s sy  
f l o o d p l a i n s  and v e g e t a t e d  i s l a n d s .  Ridges of  ' d r y  l a n d '  
ex tend  i n t o  t h e  lower d e l t a ;  t h e s e  a r e  r e g a r d e d  a s  p a r t  of th e  
Sandveld  zone.  The l a t t e r  zone c o n s i s t s  of  e x t e n s i v e  a r e a s  of  
f l a t  or g e n t ly  u n d u l a t i n g  t e r r a i n .  Over l a r g e  p a r t s  of  th e  
r e g i o n ,  a n c i e n t  dune f i e l d s  form l a r g e  l i n e a r  f e a t u r e s ,  which 
a r e  c l e a r l y  v i s i b l e  on L andsa t  im agery.  These dominate  t h e  
t e r r a i n  t o  t h e  n o r th  and w es t  of t h e  d e l t a ,  and w i t h i n  t h e  
s tudy  r e g i o n  a r e  found t o  t h e  sou th  of Lake Ngami.
The Lake Ngami b a s i n  i s  t h e  only  one of t h e  t e rm in a l  
s in k s  t h a t  occu r s  i n  t h e  s tudy  a r e a .  The la k e  i t s e l f  v a r i e s  
in  e x t e n t  depending  on y e a r l y  in f low  from th e  d e l t a .  I t  l i e s  
w i t h i n  a b a s i n  of  some 220 squa re  k i l o m e t r e s .  Evidence of 
a n c i e n t  s h o r e l i n e s ,  of a once much l a r g e r  l a k e ,  can be seen  
from t h e  L a n d s a t  im agery .  The b a s in  i s  s h a l lo w ,  forming a 
l e v e l  t o  g e n t ly  u n d u l a t i n g  p l a i n .  Along t h e  s o u th e r n  edge 
e x i s t s  a sm a l l  s c a rp  s lo p e ,  and a s i m i l a r  f e a t u r e  ( p o s s i b l y  
a s s o c i a t e d  w i th  a l a r g e r  l a k e ) ,  a t  a d i s t a n c e  t o  t h e  n o r t h  of 
t h e  b a s in .
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3.3 C l im a te .
The Okavango D e l t a  l i e s  i n  a s e m i - a r i d  zone ,  w i th  a 
d i s t i n c t  s ea s o n a l  regime of r a i n f a l l  and t e m p e r a t u r e .
R a i n f a l l  occu r s  d u r in g  t h e  summer months,  main ly  between 
November and A p r i l ,  w i th  a peak i n  Janua ry  or February  ( f i g .  
3 . 3 ) .  The long  te rm average  f o r  Maun i s  about  450mm. The 
r a i n f a l l  regime i s  a r e s u l t  of an i n f l u x  of  moist  t r o p i c a l  a i r  
from th e  e q u a t o r i a l  r e g io n s  d u r in g  t h e  warm months.  When 
t e m p e r a t u r e s  d rop ,  t h e  mois t  a i r  i s  p r ev en ted  from e n t e r i n g  
t h e  r e g i o n  by a s u b - t r o p i c a l  high p r e s s u r e  b e l t  s i t u a t e d  t o  
t h e  n o r t h .  Most of r a i n  f a l l s  d u r in g  s h o r t  i n s t a b i l i t y  
showers and th u n d e r s t o rm s .  R a i n f a l l  u s u a l l y  exceeds
é v a p o t r a n s p i r a t i o n  only in  J a n u a ry  ( S t a r i n g ,  1978 ) .
The amount of r a i n f a l l  v a r i e s  g r e a t l y  from y e a r  t o  y e a r  
( f i g .  3 . 4 ) .  P e r i o d i c  d ro u g h ts  a f f e c t  t h e  whole s o u th e r n  
A f r i c a n  r e g i o n .  Sandford  (197 8) h a s  c a l c u l a t e d  a f requency  of 
one y e a r  in  t h i r t y - t h r e e  f o r  a ' s e v e r e '  d rough t  and one in  
s i x t e e n  f o r  a 'm o d e r a t e '  d rough t  i n  t h e  Okavango r e g i o n  (a 
' s e v e r e '  and a ' m o d e r a t e '  d rough t  i n v o lv e  a f e e d  d e f i c i t  i n  
r a n g e l a n d  of  15-40% and up t o  15% r e s p e c t i v e l y ) .
The Okavango r e g i o n  e x p e r i e n c e d  a p e r io d  of poor r a i n f a l l  
d u r in g  t h e  e a r l y  1 % 0 ' s .  A drough t  r e s u l t e d  i n  problems f o r
th e  whole c oun t ry  and l a r g e  numbers of  s t o c k  were  l o s t .  Th is
was fo l lo w ed  by s e v e r a l  y e a r s  of  s l i g h t l y  above average  
r a i n f a l l ,  b e f o r e  a n o t h e r  p e r i o d  of  poor r a i n s  (1 9 6 8 -7 0 ) .
During 1969-70,  only  253.8mm of r a i n f a l l  was r e c o r d e d  i n  Maun. 
The 1 9 7 0 ' s  saw i n c r e a s i n g l y  b e t t e r  r a i n f a l l  f i g u r e s  (which
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p e r s i s t e d  u n t i l  th e  e a r l y  1 9 8 0 ' s ) .  This  p e r io d  was marked by 
th e  1973-74 r a i n  season ,  in  which 1183.9mm was r e c o r d e d  i n  
Maun. This  l e d  t o  u n u s u a l ly  high f l o o d s  i n  t h e  lower d e l t a ,  
f o r c i n g  a h a l t  t o  c u l t i v a t i o n  of th e  f l o o d p l a i n s  wes t  of 
Shorobe u n t i l  1979 (Andersson ,  1976; S t a r i n g  e_t a l . ,  1981) .
F l u c t u a t i o n s  i n  r a i n f a l l  over th e  p e r io d  s in c e  t h e  e a r l y  
1 9 6 0 ' s  has  e f f e c t e d  t h e  v e g e t a t i o n  of  th e  r e g i o n .  Changes i n  
t h e  woody v e g e t a t i o n  of th e  S a n d v e l t  and a s s o c i a t e d  a r e a s ,  has 
been most n o t i c a b l e .  A f t e r  t h e  d rough t  p e r io d  of  t h e  e a r l y  
and l a t e  1 9 6 0 ' s ,  t r e e  and shrub  cover  was low, but  w i th  
improved c o n d i t i o n s ,  t h i s  i n c r e a s e d  th rough  t h e  nex t  decade.  
Measurement of woody cover i n  t h e  Sandveld ,  u s in g  a e r i a l  
p h o to g ra p h ic  cover  ( s e e  c h a p t e r  V) , i n d i c a t e s  a c o n s i d e r a b l e  
i n c r e a s e  i n  cover over a t e n  y e a r  p e r io d  (May 197 3 and May 
1983 , p h o to g ra p h ic  c o v e r a g e ) .  This  i n c r e a s e  i s  conf irmed  by 
range su rveys  c a r r i e d  ou t  a t  T s e t sek u  Ranch (APRU, 1978) .
Tem pera tu res  r eac h  a peak j u s t  b e f o r e  t h e  main p e r i o d  of  
summer r a i n s  (September -  O c to b e r ) ,  and a r e  a t  t h e i r  lowes t  
between June and J u l y  ( f i g .  3 . 3 ) .  S l i g h t  d i f f e r e n c e s  a r e  
a p p a r e n t  between y e a r s  . Higher th a n  ave rage  t e m p e r a t u r e s  
were r e c o r d e d  (Maun) f o l l o w in g  t h e  poor r a i n s  i n  1969-70 
( i n c l u d i n g  an  unusual  peak i n  A p r i l ) ,  w h i le  f o l l o w i n g  t h e  
heavy r a i n s  of  1973-74 ,  t e m p e r a t u r e s  were  lower  t h a n  u sua l  
( f i g .  3 . 3 ) ,  W in te r  t e m p e r a t u r e s  have been r e c o r d e d  a t  below 
f r e e z i n g  on i n d i v i d u a l  days .  F ro s t  damage t o  v e g e t a t i o n  can 
o c c u r .  Low t e m p e r a t u r e s  a t  t h e  end of  t h e  dry season  may 
r e t a r d  r e g e n e r a t i o n  of  g r a s s e s ,  even when s u f f i c i e n t  m o i s t u r e  
i s  a v a i l a b l e .
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The s o i l  m o i s t u r e  reg ime of th e  r e g i o n  has  been d e s c r i b e d  
by S t a r i n g  (1978) a s  ' u s t i c ' .  D s t i c  s o i l s  have l i m i t e d  
a v a i l a b l e  m o i s t u r e ,  a l though  s u f f i c i e n t  f o r  s i g n i f i c a n t  p l a n t  
growth when o t h e r  c o n d i t i o n s  a r e  f a v o u r a b l e  (F o th ,  1978 ) .  The 
mean annual  s o i l  t e m p e ra tu r e  i s  g r e a t e r  tha n  22 d e g re e s  
c e n t i g r a d e  in t h e  r o o t i n g  zone.
3 .4  V e g e ta t io n
To d a t e ,  no comprehensive v e g e t a t i o n  map of t h e  Okavango 
D e l t a  r e g i o n  has  been p u b l i s h e d .  Will iamson (1 9 7 4 ) ,  has 
produced a p r o v i s i o n a l  map based on t h e  i n t e r p r e t a t i o n  of 
Landsa t  p h o to g ra p h ic  p r o d u c t s .  He i d e n t i f i e s  s i x  physiognomic 
v e g e t a t i o n  t y p e s  f o r  th e  a r e a ,  however, t h e  s c a l e  of th e  
imagery and t h e  i n a b i l i t y  t o  f u r t h e r  enhance t h e  d a t a ,  
p r e c lu d e d  a more d e t a i l e d  i n v e s t i g a t i o n .  Severa l  v e g e t a t i o n  
maps f o r  th e  whole of Botswana have been compiled ,  t h e  l a t e s t  
be ing  th o s e  by Wilde and Barboso (1967 ) ,  and Weare and Y a la l a  
(1 9 7 1 ) .
P u b l i s h e d  m a t e r i a l  d e a l i n g  w i th  th e  v e g e t a t i o n  of th e  
a r e a  i n c lu d e d  i n  t h e  p r e s e n t  s tu d y ,  i s  v e ry  l i m i t e d .  Most of 
t h e  m a t e r i a l  d e a l i n g  w i t h  t h e  r e g i o n  c o n c e n t r a t e s  on t h e  d e l t a  
( A s t l e  and Graham, 1976; B iggs ,  1976; Dye e t  a l . ,  1976; 
Smith ,  1976; Raynham, 1979; Lubke e t  ak* » 19 8 1 ) .  L i t t l e  
d e t a i l e d  i n f o r m a t i o n  i s  a v a i l a b l e  f o r  t h e  d e l t a  f r i n g e s  and 
r a n g e l a n d  a r e a s .  T in ley  (1966) d e s c r i b e s  t h e  v e g e t a t i o n  of  
t h e  Moremi Rese rve ,  which has  some s i m i l a r i t i e s  w i t h  th e  s tudy  
a r e a  to  t h e  so u th .  G eobo tan ica l  su rveys  u n d e r ta k e n  i n  t h e  
Nwaku pan a r e a  p rov ide  an  o u t l i n e  of v e g e t a t i o n  ty p e s  found t o
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t h e  south  of Lake Ngami (B ue rge r ,  197 6; Cole and Le Roex,
197 8) .
The r e s u l t s  of range  m o n i to r in g  s t u d i e s ,  a t  Government 
r a n c h e s  th roughou t  Botswana,  in c lu d e  d a t a  from T s e t sek u  Ranch, 
sou th  of Maun (APRU, 1975; 1978; 1979) .  The d a ta  covers  t h e
p e r io d  197 0 to  1979 , and i n c l u d e s  i n f o r m a t i o n  on woody and 
herbaceous  v e g e t a t i o n ,  changes  i n  bush d e n s i t y  and b a s a l  cover 
of g r a s s e s .  A d d i t i o n a l ,  u n p u b l i sh e d  m a t e r i a l  has been made 
a v a i l a b l e  by APRU. The ranch  was used a s  one of t h e  main 
ground d a t a  c o l l e c t i o n  s i t e s  i n  1983 ,
The v e g e t a t i o n  of  th e  r e g i o n  o c c u r s  w i t h i n  t h r e e  main 
p h y s i c a l  zones .  The d e l t a  w e t l a n d s ,  t h e  sandve ld  and 
a s s o c i a t e d  t e r r a i n ,  and t h e  Lake Ngami b a s i n .  W i th in  t h e s e  
zones  a r e  l a r g e  v a r i a t i o n s  i n  t h e  t e r r a i n  and p l a n t  
communit ies  (C hap te r  IV ) .  F ig u re  3 .5  i n d i c a t e s  t h e  g e n e ra l  
p a t t e r n  of  v e g e t a t i o n  w i t h i n  t h e  Okavango r e g i o n .
A l l  of t h e  broad  v e g e t a t i o n  c l a s s e s  shown i n  f i g u r e  3 . 5 ,  
occur w i t h i n  t h e  study r e g io n ,  excep t  t h e  papyrus  zone of t h e  
upper d e l t a .
Cole (1982a,  p e r s .  com.) r e g a r d s  t h e  Okavango D e l t a  a r e a  
as  a ' v e g e t a t i o n  t e n s i o n  z o n e ' ,  where a number of competing 
env i ronm en ta l  f a c t o r s  a r e  h e l d  i n  t e n s i o n ,  any changes i n  t h e  
ba lance  of th e s e  f a c t o r s  w i l l  l e a d  t o  changes  i n  t h e  
d i s t r i b u t i o n  of  a s s o c i a t e d  v e g e t a t i o n .  The main example of 
t h i s ,  i s  t h e  t e n s i o n  between t h e  dry K a la h a r i  P l a t e a u  and 
e x o t i c  w a t e r s  of  t h e  d e l t a ,  changes i n  f low and d i s t r i b u t i o n  
of  the  w a t e r s  can l e a d  t o  major changes  i n  t h e  v e g e t a t i o n
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Fig. 3.5 Vegetation map of the Okavango Delta region.
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p a t t e r n s .  Th is  has  o c c u r r e d  t o  t h e  wes t  of t h e  d e l t a ,  where 
th e  c e s s a t i o n  of f low through th e  Thoage system has l e d  t o  a 
change i n  v e g e t a t i o n ,  from those  c h a r a c t e r i s t i c  of w e t l a n d s ,  
t o  those  of s e m i - a r i d  a r e a s .
The a q u a t i c  g r a s s l a n d s  occupy th e  f l o o d p l a i n s  of  th e  
lower d e l t a  r e g i o n ,  which a r e  s e a s o n a l l y  in u n d a ted  by t h e  
w a t e r s  of  th e  Okavango ca tchment.  The dominant g r a s s  s p e c i e s  
found on t h e  f l o o d p l a i n s  ( w i t h i n  t h e  s tudy r e g i o n ) ,  i s  Panicum 
r ep en s  (Lubke e t  jT . . , 1981; S t a r i n g  e t  a l . , 1 9 8 1 ) .  Dense 
s t a n d s  of reed  ( P h r a gm i t e s  m a u r i t a n u s ) ,  and sedges  (Cvpe ru s  
ap p . )  may be found a lo n g  t h e  c e n t r a l  p a r t s  of  t h e  f l o o d p l a i n s  
or  a t  t h e  edge of poo ls  and la g o o n s .  On h i g h e r  ground 
r e p e n s  i s  o f t e n  r e p l a c e d  by o t h e r  g r a s s  s p e c i e s ,  e s p e c i a l l y  
Cynodon d a c t y I o n . S c a t t e r e d  i s l a n d s  of dry land e x i s t  above 
t h e  normal l e v e l  of seasona l  i n u n d a t io n .  These i s l a n d s  
g e n e r a l l y  p o s s e s s  a f r i n g e  of dense ,  mixed woodland,  w i th  t h e  
c e n t r a l  p a r t  occup ied  by low shrubs  and s c a t t e r e d  t r e e s  or  by 
g r a s s l a n d .
The g r a s s l a n d  of th e  Lake Ngami f l o o d p l a i n  d i f f e r s  
somewhat from t h a t  of t h e  lower d e l t a .  The dominant s p e c i e s  
i s  Ç. dac ty  Io n , w i th  E ragr  o s t i s  sp.  and E c h i n ^ l o a  sp .  a long  
t h e  edge of semi-permanent  w a te r  b o d ie s .  The p a t t e r n  of the  
v e g e t a t i o n  i s  dependent  on t h e  l e v e l  of f l o o d i n g  of  t h e  b a s in  
from y e a r  to  y e a r .
The a r e a s  c l a s s i f i e d  as  ' t r e e  savanna '  by Wildeand 
Barboso (1967) occupy t h e  dry K a la h a r i  P l a t e a u ,  th e s e  a r e a s  
a r e  c l a s s i f i e d  a c c o r d in g  t o  t h e i r  dominant or  c h a r a c t e r i s t i c
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s p e c i e s .  In  many p a r t s  of th e  study  r e g io n ,  th e  com pos i t ion  
of t h e  woody component i s  a m i x tu r e  of s p e c i e s ,  w i th  dominance 
d i c t a t e d  by lo c a l  c o n d i t i o n s .  For example.  T e rm in a l i a  s e r i c e a  
(which i s  c h a r a c t e r i s t i c  of  one of th e  z o n e s ) ,  dominates  sandy 
r i d g e s ,  w h i le  t h e  d e p r e s s i o n s  between,  a r e  dominated by 
s p e c i e s  of o t h e r  g en e ra  (A cac ia  spp.  , Grewia s p p . ) . In t h e  
d e p r e s s i o n s ,  and e s p e c i a l l y  in  t h e  v i c i n i t y  of r a i n  pans ,  T. 
s e r i c e a  may be t o t a l l y  a b s e n t .
In c e r t a i n  c i r c u m s ta n c e s ,  a s i n g l e  s p e c i e s  forms almost  
pure  s t a n d s .  In t h e  case of t h e  Colophospermum mopane t r e e  
sa v a n n a , a m o n o s p e c i f i c  canopy o f t e n  o c c u r s .  Ç. mopane i s  an  
a g g r e s s i v e  s p e c i e s ,  o f t e n  o u s t i n g  c o m p e t i t o r  s p e c i e s .  In t h e  
Moremi Rese rve ,  Ç. mopane forms woodland,  but does v a r y  to  
savanna woodland i n  p l a c e s  ( T i n l e y ,  196 6 ) .  A s i m i l a r  
s i t u a t i o n  i s  found t o  t h e  n o r th  and e a s t  of Maun. However, 
human a c t i v i t y  may have a l t e r e d  t h e  s t r u c t u r e  t o  some e x t e n t ,  
t h e  woodland i s  l e s s  dense and ( p o s s i b l y  due t o  f i r e )  a r e a s  of  
low Ç. mopane c o p p i c e - l i k e  s c ru b  a r e  found.  South of Maun t h e  
mopane v e g e t a t i o n  becomes l e s s  dominant ,  e v e n t u a l l y  forming 
'  i s l a n d s '  w i t h i n  a r e a s  dominated by o t h e r  s p e c i e s .  Ç. mopane 
was r a r e l y  e ncoun te red  i n  any numbers i n  v e g e t a t i o n  dominated 
by a n o th e r  t r e e  s p e c i e s  (A cac ia  spp.  , Terminal  i a  s p p . ) ,  i n  t h e  
s tudy r e g io n .
F r in g in g  woodlands a lo n g  t h e  f l o o d p l a i n  edges  occur 
th roughou t  t h e  d e l t a .  Much of t h i s  woodland i s  r e s t r i c t e d  t o  
a narrow r ib b o n ,  o f t e n  on ly  50 to  100 m e t res  i n  w id th .  In 
c e r t a i n  p l a c e s  t h e  woodland becomes more e x t e n s i v e  and w e l l  
deve loped ,  u s u a l l y  a s s o c i a t e d  w i t h  more permanent  w a te r
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c o n d i t i o n s  (B iggs ,  1976) .  In t h e  study r e g io n ,  e x t e n s i v e  
zones  of  th e  f r i n g e  woodland a r e  a s s o c i a t e d  w i t h  th e  major  
channe ls  a t  t h e  d i s t a l  end of  t h e  d e l t a  ( t h e  Thamalakane,  
S hash i ,  Boro, X o tego) .  The woodland i s  formed of a m i x tu r e  of 
s p e c i e s ,  w i th  no o v e r a l l  dominant ,  prominent  s p e c i e s  i n c l u d e , 
G a r c i n i a  1 i v i n gs t o n e i . F icus  s y camorus. Lonchocarpus cap a s s a . 
Croton mega l o b o t r y s . and t h e  palm, Hyphaene v e n t r i c o s a . The 
woodland i s  p a r t i a l l y  e v e rg re e n .  In p l a c e s  a c h a r a c t e r i s t i c  
palm woodland o c c u r s ,  w i th  _H. v e n t r i c o s a  a s  an  emergen t ,  above 
t h e  g e n e ra l  canopy l e v e l .
W ith in  t h e  v a r i o u s  t e r r a i n  t y p e s  t h a t  make up t h e  s tudy  
r e g i o n ,  t h e  v e g e t a t i o n  d i s p l a y s  much more v a r i e t y  in  te rms of  
s t r u c t u r e  and c o m p o s i t io n  t h a n  i s  o u t l i n e d  above ( s e c t i o n  
4 . 8 . 2 ) .
3 .5  Economy.
3 . 5 . 1  I n t r o d u c t i o n .
The Okavango D e l t a  r e g i o n  f a l l s  w i t h i n  t h e  Ngamiland 
D i s t r i c t  of Botswana,  which i n  t h e  1971 census  was r e c o r d e d  a s  
hav ing  a p o p u l a t i o n  of  over 53,000 ( A f r i y i e ,  197 6 ) .  Of t h i s  
number,  over 40 ,000  l i v e  i n  o r  on t h e  m arg in s  of t h e  d e l t a .
The l o c a t i o n  of  t h e  p o p u l a t i o n  i s  l a r g e l y  de te rm ined  by th e  
in c id e n c e  of t s e t s e  f l y .  S e t t l e m e n t  i s  r e s t r i c t e d  t o  t h e  
n o r t h ,  w es t ,  and s o u t h - e a s t e r n  f r i n g e s  of th e  d e l t a .
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A h i e r a r c h y  of s e t t l e m e n t  e x i s t s ,  dominated by Maun, th e  
a d m i n i s t r a t i v e  and commercial c e n t r e  of Ngamiland.  Maun has  
about  t w e n t y - f i v e  p e r c e n t  of t h e  D i s t r i c t ' s  p o p u l a t i o n .  A 
number of l a r g e r  v i l l a g e s  form l o c a l  c e n t r e s ,  w i th  smal l  
o u t l y i n g  v i l l a g e s  and s c a t t e r e d  communit ies  ( d e s i g n a t e d  e i t h e r  
as  '  l a n d s '  or  '  ca t t l  e - p o s t  s ' ) in  t h e i r  p e r i p h e r y .  Nearly  h a l f  
of th e  p o p u l a t i o n  of th e  d e l t a  l i v e  i n  th e s e  smal l  communit ies  
( UNDP/FAO, 1977) .
About e i g h t y  p e r c e n t  of t h e  l o c a l  peop le  a r e  in v o lv e d  i n  
s u b s i s t e n c e  a g r i c u l t u r e .  The main a c t i v i t i e s  a r e  d ry la n d  
a r a b l e  f a rm in g ,  c a t t l e  and sm a l l  s t o c k  r e a r i n g ,  and f l o o d  
r e c e s s i o n  a g r i c u l t u r e . T h e s e  a c t i v i t i e s  have a majo r  impact  on 
t h e  l o c a l  environment  ( s e e  be lo w ) .  The e x p l o i t a t i o n  of  
n a t u r a l  r e s o u r c e s  such as  t i m b e r ,  r eed s  and f i s h ,  and t h e  
t o u r i s t  i n d u s t r y  ( low volume/h igh  c o s t ) ,  put  l i t t l e  p r e s s u r e  
on t h e  d e l t a  a t  p r e s e n t .
3 . 5 . 2  L i v e s to c k .
C a t t l e  a r e  t r a d i t i o n a l l y  r e g a rd e d  i n  Botswana a s  a s ign  
of  w e a l t h ,  and a r e  t h e  p r e f e r r e d  form of a g r i c u l t u r a l  
a c t i v i t y .  Small s t o c k  (mainly  g o a t s  and t o  a l e s s e r  e x t e n t  
s h e e p ) ,  a r e  kept  f o r  l o c a l  consumpt ion.  Small s t o c k  t e n d  t o  
be r e s t r i c t e d  t o  t h e  immediate a r e a  around human h a b i t a t i o n ,  
and l o c a l l y  c o n t r i b u t e  t o  s o i l  e r o s i o n  th rough  o v e r g r a z i n g  of  
t h e  v e g e t a t i o n .
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C a t t l e  p r o d u c t i o n  i s  an  im p o r ta n t  source of income t o  t h e  
Ngamiland D i s t r i c t .  Es t im ated  o f f t a k e  i n  t h e  m id -1 9 7 0 ' s  was 
16,000 head of c a t t l e  per  annum; worth about Rl ,3 m i l l i o n  
(South  A f r i c a n  Rand) t o  t h e  l o c a l  economy (Min. of 
A g r i c u l t u r e ,  1976) .  An e x p a n s io n  i n  p r o d u c t i o n  over  th e  
1 9 8 0 ' s  may o c c u r ,  depending on th e  economic v i a b i l i t y  of 
commercial  r a n c h in g  i n  t h e  Haina Veld ,  ( s o u th  of th e  B o t e t i ) .  
This  w i l l  depend on t h e  adequacy of bo re  h o l e  w a te r  s u p p l i e s  
(DNDP/FAO, 1977) .  The Botswana Meat Commission (BMC) has  had 
b u i l t  a modern a b a t t o i r  nea r  Maun, a t  a c o s t  of 7 m i l l i o n  P u la  
(Times,  198 2 ) ,  This  came i n t o  p r o d u c t i o n  d u r in g  19 83 , t o  
supp ly  f r o z e n  beef  f o r  e x p o r t .
C a t t l e  a r e  w id es p read  a lo n g  t h e  s o u th e rn  and w e s t e r n  
f r i n g e s  of  t h e  d e l t a .  The p resence  of T s e t se  f l y  p rov ide  a 
' b a r r i e r '  to  c a t t l e  f u r t h e r  e a s t  t h a n  Shorobe.  An e s t i m a t i o n  
of  t h e  t o t a l  c a t t l e  p o p u l a t i o n  of  Ngamiland i n  1971 ( f o l l o w i n g  
a decade of d ro u g h t s )  was 2 0 6 ,0 0 0 .  The next  few y e a r s  saw a 
s u b s t a n t i a l  i n c r e a s e  t o  a f i g u r e  of 314 ,000 in  197 5 (Min. of 
A g r i c u l t u r e ,  1976 ) .  The d i s t r i b u t i o n  of t h e  h e rd  th roughou t  
t h e  D i s t r i c t  i s  uneven ( t a b l e  3 . 1 ,  f i g .  3 . 6 ) ,  The Botswana 
L i v e s t o c k  C o r p o r a t i o n  e s t i m a t e  t h a t  50% of  a l l  c a t t l e  
pu rchased  by them in  Ngamiland, o r i g i n a t e  i n  t h e  Lake Ngami 
a r e a ,  w i th  a f u r t h e r  10% from th e  B o t e t i  a r e a .
Water i s  an im p o r ta n t  f a c t o r  i n  t h e  d i s t r i b u t i o n  of  t h e  
c a t t l e  p o p u l a t i o n .  The g r e a t e s t  d e n s i t i e s  a r e  found n e a r  t h e  
r i v e r s  and sha l low  w e l l s  ( f i g .  3 . 7 ) .  Boreholes  have  been sunk 
where w a te r  i s  n o t  o th e rw is e  a v a i l a b l e ,  f o r  example i n  t h e  
Haina Veld a r e a .
56
m
r-~
o s
CO > »
C
•r-< Q .
00 a .
u 3
CO
M
0 0»
w 4-1
m4 «0
<U
A
C
W
0/ R
00 i->
<s
U3 <0
XI
*T3
C
CO
0
c «0
Wi <0 lO
0> 0/ !>>.
z U 1
o  ^
3 C
o ■r4 OS
CO —4
M  w
03 :x  «  PQ 
3  rj 3  :K
v£) m  I<M oOCM
OO < f i/"\ rO M3 •—• sr nO ^  O ^  •4' I #-4 s o  CO c n
4J
J 3
OO
• f t
<u
C
>•r-i
*—4
oo
0 /
0 0
AS o
4J O X
•r4 O 0c c n u J2,
3 o 0<44 M3AS o
u 1 1o
09 ea •-3
00 8
<u «#4
> G 00 *4
« 1—4 0»
rH 4^ >
0 01 U > u
3
z 4-1 1 1
CO CO
1-1 8 » as
<4-4 COos m m m cn m o <no Md 0 0 r~ m in CM c n CJs
U r-. o r** l/S CM *o o s COc O CO CM CO CM <n 00 Os m so f*»o 4-1 m m r-~
•H 00 o s
4.1 0 —H
3 >M3 •HI
Ml •A o
U 8 X X <
4-1 CO 4-1 4-1 4J ki
00 00 3 u oo CO
•A z O o cs 0 Z
O 0 CO z M DC Q
oo • 0) Z
K00 w 
Z (U
Q) *J 
.3d 3  
CO O
<u
&
c
.2
0
oâ ptf cd OS
hJ  •-] c/3 t«S H
V 
>0 «J3 U3 (30/ eg CO c 
*J *J Æ JS *iMO O oo 00 (0 
PQ CQ Z  Z  Z
0 *J *J0
s
3
o
CO
- 7
O) oCQ a
CNJ m i n  (O co O)
ÂjBpunog lou js iQ
/  / - J /
/ o S V /
■'§ / Q
CO \
CM
CO
O
ca
>.■oD
(/)
OSI
<DW
DT3
C
CO
c
0)ÜD
0w
CL
CO
00
d)
ü2
Fig. 3.7 Cattle at a well, Lake Ngami.
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A l l  forms of  l i v e s t o c k  p r o d u c t i o n  w i t h i n  t h e  r e g i o n  a r e  
based on e x p o i t a t i o n  of th e  n a t u r a l  v e g e t a t i o n .  E x ten s iv e  
a r e a s  of  n a t u r a l  v e g e t a t i o n  used i n  t h i s  way can be d e f in e d  a s  
r a n g e l a n d '  (Heady and Heady, 1982) .  The ' p o t e n t i a l  c a r r y i n g  
c a p a c i t y '  of th e  m a jo r i t y  of r an g e lan d  i n  t h e  Okavango r e g i o n ,  
i s  about  16 h e c t a r e s  per  l i v e s t o c k  u n i t  (LSU) ( F i e l d ,  1978) .  
N o r t h - e a s t  of Maun t h e  f i g u r e  improves (12ha/LStJ) ,  however, 
much of t h i s  a r e a  i s  i n f e s t e d  w i th  T s e t s e  f l y .  The p o t e n t i a l  
c a r r y i n g  c a p a c i t y  i s  t h a t  amount of r an g e l a n d  r e q u i r e d  by an 
i n d i v i d u a l  an im al ,  t o  m a i n t a i n  maximum h e a l t h  and p r o d u c t i v e  
e f f i c i e n c y ,  w i thou t  d e t e r i o r a t i o n  of  t h e  r a n g e .  I t  i s  
r e g a r d e d  a s  t h e  optimum s to c k in g  r a t e .  However, in  t h e  
Okavango r e g i o n ,  a c t u a l  s t o c k i n g  r a t e s  t e n d  t o  be much h ig h e r  
tha n  t h e  c a l c u l a t e d  optimum ( t a b l e  3 . 1 ) .  The p o t e n t i a l  
c a r r y i n g  c a p a c i t y  of 16ha/LSU i s  t h a t  c a l c u l a t e d  f o r  
u n c o n t r o l l e d  g r a z i n g  (which r e p r e s e n t s  t h e  c u r r e n t  s i t u a t i o n  
over  t h e  m a j o r i t y  of th e  r e g i o n ) ,  f o r  c o n t r o l l e d  ranch  
c o n d i t i o n s  t h e  f i g u r e  i s  8ha/LSU. The f i g u r e s  i n  t a b l e  3 .1  
s u gges t  t h a t  a l a r g e  p a r t  of t h e  r a n g e l a n d  w i t h i n  t h e  s tudy  
a r e a  i s  p o t e n t i a l l y  a t  r i s k  from t h e  e f f e c t s  of  o v e r g r a z i n g .  
During t h e  mid-197 0 ' s  a ONDP/FAO (1977) s tudy  concluded  t h a t  
t h e r e  was no l a r g e  s c a l e  d e g r a d a t i o n  of  range  in  t h e  Okavango 
r e g i o n .  The p e r io d  of  d e t e r i o r a t i n g  c l i m a t i c  c o n d i t i o n s  
du r in g  t h e  e a r l y  1 9 8 0 ' s  has  l e d  t o  g r e a t e r  p r e s s u r e  on t h e  
l a n d .  C e r t a i n  a r e a s ,  e s p e c i a l l y  Lake Ngami and t h e  Nghabe 
R ive r  zones  were  i n  poor c o n d i t i o n  i n  1983 .
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Nearly  th e  whole Ngamiland D i s t r i c t  h e rd  i s  kep t  under 
t r a d i t i o n a l  methods of husbandry.  The only fenced  r a n c h e s  a t  
p r e s e n t ,  a r e  those  run f o r  e d u c a t io n a l  and r e s e a r c h  purposes  
by t h e  Government, fo r  example T se t seku  Ranch.  The 
t r a d i t i o n a l  form of h e rd ing  i s  based  on t h e  c a t t l e  pos t  
system.  An i n d i v i d u a l  herd  i s  kept  on communal l a n d ,  away 
from t h e  v i l l a g e ,  o f t e n  by poo r ly  p a id  l a b o u r e r s .  The q u a l i t y  
of management i s  poor,  th e  main concern  of  th e  owner be ing  t o  
maximise p r i v a t e  w e a l t h  i n  l i v e s t o c k  a t  t h e  expense of th e  
common w e a l th  of th e  r a n g e l a n d  (Von Kaufman, 1978 ) .  A system 
based  on common usage ,  locks each i n d i v i d u a l  " . . . i n t o  a system 
t h a t  compels him t o  i n c r e a s e  h i s  h e rd  w i th o u t  l i m i t  -  in  a 
w or ld  t h a t  i s  l i m i t e d . "  (H ard in ,  196 8) .
A common a t t i t u d e  i s  t h a t  t h e  g r e a t e r  t h e  number of 
c a t t l e  owned, t h e  g r e a t e r  t h e  chance of some s u r v i v i n g  a 
d ro u g h t ,  ' d r o u g h t  i n s u r a n c e '  ( A l i d i ,  1978) .  Th is  a t t i t u d e ,  
t o g e t h e r  w i th  a d r i v e  t o  maximise i n d i v i d u a l  w e a l t h ,  le ads  t o  
o v e r s t o c k i n g  and i n i t i a t i o n  of  c o n d i t i o n s  no t  d i s s i m i l a r  to  
t h e  e f f e c t s  of  d rough t  i t s e l f ,  'management induced  d r o u g h t '  
(Buck,  197 8; Sweet ,  1982 ) .
Throughout Botswana,  bu rn ing  of  t h e  communal g r a z i n g  
lands  i s  p r o h i b i t e d  by l e g i s l a t i o n  (APRU> 198 0 ) ,  However, 
l a rg e  a r e a s  of  t h e  coun t ry  a r e  s t i l l  a f f e c t e d ,  i n c lu d i n g  t h e  
Ngamiland D i s t r i c t . Burnt a r e a s  a r e  c l e a r l y  v i s i b l e  on 
L an d s a t  imagery ,  and a r e  found on both  t h e  d ry  land  a r e a s  
( e . g .  s a n d v e l d ) ,  and i n  t h e  zones  of  seasona l  f l o o d i n g  ( e . g .  
' m e l a p o ' )  . The burns  may be a c c i d e n t a l  in  some c a s e s  o r  
s t a r t e d  d e l i b e r a t e l y ,  t o  c l e a r  moribund v e g e t a t i o n  and t o
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s t i m u l a t e  new growth.  Burning,  as  a range  management t o o l ,  
needs c a r e f u l  c o n t r o l  and may be harmful  i f  i n c o r r e c t l y  used .
3 . 5 . 3  A rab le  a g r i c u l t u r e .
The a r a b l e  a g r i c u l t u r e  in  t h e  r e g i o n  i s  p redom inan t ly  fo r  
s u b s i s t e n c e ,  and t h i s  a c t i v i t y  o c c u p ie s  t h e  e f f o r t s  of a l a r g e  
m a j o r i t y  of t h e  p o p u l a t i o n  (Af r i y  i e ,  1976) .  Lack of  t r a n s p o r t  
and m a rk e t in g  i n f r a s t r u c t u r e ,  t o g e t h e r  w i th  poor s o i l s ,  
r e s t r i c t s  cash c rop  p r o d u c t i o n  (Thompson, 1976 ) .  Some s u rp lu s  
p r o d u c t i o n  may be s o ld  f o r  cash in  Maun and t h e  l a r g e r  
v i l l a g e s .
The main c e r e a l s  grown a r e  sorghum and m a ize ,  w ith  a 
v a r i e t y  of o t h e r  c rops  i n c l u d i n g  ; melons ,  beans ,  g roundnu ts ,  
pumpkins,  gourds and sugar  cane (Campbell ,  197 6 ) .
C u l t i v a t i o n  i s  of  two main ty p e s ,  r a i n f e d  d r y l a n d  fa rm ing  
( 'masimo a p u l a ' ) ,  and f l o o d  r e c e s s i o n  farming  i n  t h e  melapo 
a r e a s  ( 'mas imo a b o k g o l a ' ) .  The l a t e r  a r e a  i s  most f a v o u r a b l e  
f o r  maize p r o d u c t i o n ,  sea sona l  i n u n d a t io n  i n c r e a s e s  f e r t i l i t y  
by f l u s h i n g  s i l t  and o r g a n i c  m a t t e r  i n t o  t h e  a r e a  from the  
upper  d e l t a .  Flood r e c e s s i o n  a g r i c u l t u r e  a c c o u n t s  f o r  about  a 
f i f t h  of a r a b l e  p r o d u c t i o n  i n  t h e  r e g i o n .
The UNDP/FAQ (1977) g iv e  d e t a i l s  of  an unpub l i shed  
Government r e p o r t ,  which e s t i m a t e d  t h e  a r e a  of land  c l e a r e d  
f o r  c u l t i v a t i o n  i n  t h e  d e l t a  p e r i p h e r y ,  u s in g  a e r i a l  
ph o to g ra p h ic  c o v e r .  The c l e a r e d  a r e a  amounted t o  about  18 
5000 ha,  of which 7 ,000 ha was under c rops .
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3 . 5 . 4  Water development .
During t h e  l a s t  c e n t u r y ,  a nun her of major p r o p o s a l s  f o r  
dev e l  opnent  of th e  d e l t a  as  a w a te r  r e s o u r c e  have been put 
f o rw a rd .  P o t t e n  (1975) and UNDP/FAQ (1977) o u t l i n e  th e  
v a r i o u s  p r o j e c t s .  However, t o  d a te  most p r o j e c t s  have  been 
sm al l  s c a l e ,  th rough l o c a l  i n i t i a t i v e s  and some formal  a i d  
p r o j e c t s  ( S t a r i n g  e t  a l . ,  1981 ) .  th e se  p r o j e c t s  have 
p r i n c i p a l l y  invo lved  s l i g h t  a l t e r a t i o n s  i n  channe l  c o u r s e s ,  
impounding and r e g u l a t i o n  of  f l o o d  w a t e r s  f o r  a g r i c u l t u r e ,  and 
c l e a r a n c e  of v e g e t a t i o n  choked w a t e r  ways. A number of 
changes  i n  t h e  hydrology  of t h e  d e l t a  have o c c u r re d  i n  t h e  
pa s t  hundred y e a r s ,  almost  t o t a l l y  as a r e s u l t  of n a t u r a l  
p r o c e s s e s  ( p l a n t  s u c c e s s io n ,  papyrus  b loc kages ,  and d e p o s i t i o n  
of  s e d i m e n t s ) .
M o d i f i c a t i o n s  t o  t h e  h y d r o lo g i e  reg im e of t h e  d e l t a  may 
a f f e c t  t h e  v e g e t a t i o n  of t h e  m a rg in a l  a r e a s .  F i r s t l y ,  by 
d i r e c t l y  a l t e r i n g  t h e  c o m p o s i t io n  of  v e g e t a t i o n  communit ies  
th rough  changes i n  t h e  w a t e r  t a b l e  and s o i l  m o i s t u r e  
c o n d i t i o n s .  Secondly ,  i n c r e a s e d  e x p l o i t a t i o n  of w a te r  
r e s o u r c e s  may l e ad  t o  l o c a l i s e d  p r e s s u r e  on t h e  envi ronment,  
f o r  example p r e s s u r e  from s t o c k  a t  bore h o l e s  l e a d i n g  t o  
d e n u d a t io n  of v e g e t a t i o n  cover  and t o  s o i l  e r o s i o n .  Up t o  73% 
or  more of t h e  Ngamiland D i s t r i c t  h e rd  cou ld  be a f f e c t e d  by 
major changes i n  h y d r o lo g i e  c o n d i t i o n s .  Only some 22% of th e  
h e rd  e x i s t s  i n  a r e a s  known t o  have bore  h o l e s  independen t  of 
re c h a rg e  from t h e  d e l t a .
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Poor s o i l s  and t h e  l a c k  of  marke ting  i n f r a s t r u c t u r e  have 
r e s t r i c t e d  t h e  th e  i n t r o d u c t i o n  of i r r i g a t i o n  schemes.  The 
Ngamiland D i s t r i c t  i s  th ough t  t o  p o sse s  between 5 -10 ,000  ha of 
p o t e n t i a l l y  i r r i g a b l e  l and  (Thompson, 1976 ) ,
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rv .  T e r r a i n  A n a ly s i s  and Mapping U s ing L a n d s a t  MSS Data.
4 .1  I n t r o d u c t i o n .
A number of d i f f e r e n t  landscape  ty p e s  occur i n  t h e  
s o u th e r n  m arg in  r e g i o n  of t h e  Okavango D e l ta  a r e a .  I t  was 
c o n s id e r e d  im p o r ta n t  t o  i d e n t i f y  and map th e s e  d i f f e r i n g  
components of t h e  landscape  a s  t h e  b a s i s  f o r  a d e t a i l e d  
r e s o u r c e  s tu d y .  A base  map, showing t h e  v a r i o u s  t e r r a i n  
t y p e s ,  t o g e t h e r  w i th  a d e s c r i p t i o n  of  t h e  d e f i n i t i v e  and 
a s s o c i a t e d  p h y s i c a l  c h a r a c t e r i s t i c s  of  each ,  can s e r v e  s e v e r a l  
u s e f u l  p u rp o s e s .
F i r s t l y ,  i t  can p rov ide  an e f f e c t i v e  method of 
summaris ing  t h e  c h a r a c t e r i s t i c s  of a r e g i o n ,  and a u s e f u l  
framework f o r  p la n n in g  f u r t h e r  d e t a i l e d  survey  and a n a l y s i s .
Secondly ,  by c l a s s i f y i n g  t h e  r e g i o n  i n t o  a r e a s  d i s p l a y i n g  
v a r i o u s  i n t e r - r e l a t e d  c h a r a c t e r i s t i c s  (eg .  v e g e t a t i o n ,  s o i l s  
and r e l i e f ) ,  i t  may be p o s s i b l e  to  make i n f e r e n c e s  conce rn ing  
o t h e r  p r o p e r t i e s  t h a t  a r e  n o t  d i r e c t l y  o b s e rv a b le  (Townshend, 
1981c ) .
T h i r d l y ,  t h e  a l l o c a t i o n  of  b o u n d a r ie s  t o  ' c l a s s e s '  w i t h i n  
t h e  l a n d s c a p e ,  s e r v e s  t o  e s t a b l i s h  t a r g e t  a r e a s  w i t h i n  which 
d e t a i l e d  a n a l y s i s  may be u n d e r ta k e n  and l i m i t s  t o  which 
e x t r a p o l a t i o n  of r e s u l t s  may r e a s o n a b ly  be made.
The c l a s s i f i c a t i o n  of  t h e  t e r r a i n  (of  remote a r e a s )  i n t o  
d i s t i n c t i v e  u n i t s ,  o f t e n  on t h e  b a s i s  of  topography ,  has 
u s u a l l y  invo lved  t h e  use of a e r i a l  pho to g rap h s .  Ground d a t a
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i s  o f t e n  su p p lem en ta l ,  p ro v id in g  a check on t h e  photo 
i n t e r p r e t a t i o n  and p ro v id i n g  a d d i t i o n a l  d a t a  u n a v a i l a b l e  from 
th e  main source* T h e re fo re ,  th e  q u a l i t y  of t h e  survey  w i l l  
depend l a r g e l y  on t h e  type and s c a l e  of th e  photography and on 
t h e  s k i l l  of t h e  i n t e r p r e t e r .  I f  o t h e r  forms of  imagery a r e  
used ,  fo r  example L a n d s a t ,  the se  p o i n t s  s t i l l  a p p ly .
A nun her  of t e r r a i n  c l a s s i f i c a t i o n s  have been deve loped .  
These g e n e r a l l y  aim to  s u b -d iv id e  t h e  la ndsca pe  " . . . i n t o  a r e a s  
w i th  a r e c u r r i n g  p a t t e r n  of  topography ,  s o i l s  and v e g e t a t i o n . "  
( C h r i s t i a n  and S t e w a r t ,  1953) ,  and h av in g  " . . . w i t h i n  them 
common p h y s i c a l  a t t r i b u t e s  t h a t  a r e  d i f f e r e n t  from th o s e  of 
a d j a c e n t  a r e a s . "  (Cooke and Dornkamp, 1974) .
Var ious  schemes have been fo rm u l a t e d ,  f o r  example t h e  
' l a n d - s y s t e m s '  approach .  This  was o r i g i n a l l y  developed  by th e  
Commonwealth S c i e n t i f i c  and I n d u s t r i a l  Research O r g a n i s a t i o n  
in  A u s t r a l i a  (CSIRO), f o r  r a p i d  s u rveys  of  unmapped r e g i o n s .
I t  has  been adop ted  and m o d i f i e d  by o t h e r  o r g a n i s a t i o n s  
i n c l u d i n g  t h e  M i l i t a r y  E n g in ee r in g  E xper im en ta l  E s ta b l i s h m e n t  
(MEXE, 1965) and t h e  UK's O verseas  Development A d m i n i s t r a t i o n  
(ODA) Land R esources  D i v i s i o n  (LRD) ( M in i s t r y  of Overseas  
Development,  1970 ) .  In t h e  l a n d  sys tems approach a mosaic  of  
a e r i a l  pho tographs  i s  l a i d  o u t ,  and t h e  b o u n d a r ie s  between 
d i s t i n c t  a r e a s  a r e  marked.  A boundary i s  u s u a l l y  ac c e p te d  i f  
a d i s t i n c t  d i f f e r e n c e  i s  a p p a r e n t  between landform assemblages  
on e i t h e r  s id e  of i t .
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The l a n d  systems approach uses  changes i n  r e l i e f  
( topog raphy)  a s  t h e  main d e f i n i t i v e  c h a r a c t e r i s t i c  when 
d i v i d i n g  t h e  la n d sca p e  i n t o  i t s  component p a r t s .  Other 
c l a s s i f i c a t i o n s  have  tended  t o  fo l lo w  t h i s  b a s i c  fo rm ula  
(MEXE, 1965; W righ t ,  1972 ) .  A l t e r n a t i v e  app roaches  t o  
l andscape  c l a s s i f i c a t i o n ,  fo r  example,  use of v e g e t a t i o n  a s  an 
index  of  env i ronm en ta l  v a r i a t i o n ,  were no t  t e c h n i c a l l y  
p o s s i b l e  u s in g  t h e  b la c k  and w h i t e  a e r i a l  photography 
a v a i l a b l e  when t h e  Land Systems approach  was deve loped .  The 
development of o t h e r  remote se n s in g  d a t a  systems p r o v id e s  t h e  
o p p o r t u n i t y  to  a n a l y s e  a l t e r n a t i v e  a p p ro a c h e s .  The use of 
r e l i e f  as  t h e  main d e f i n i t i v e  c h a r a c t e r i s t i c  may a l s o  be 
i n a p p r o p r i a t e  i n  c e r t a i n  e nv i ronm en ts ,  and an  a l t e r n a t i v e  
c l a s s i f i c a t i o n  e s s e n t i a l .  For example,  where changes  i n  
r e l i e f  over  l a r g e  a r e a s  a r e  ve ry  s l i g h t .
Landsa t  imagery lacks  s t e r e o s c o p i c  c a p a b i l i t y  and 
t h e r e f o r e  r e l i e f  cannot  not  be d i r e c t l y  measured.  The L andsa t  
system r e c o rd s  t h e  r e f l e c t a n c e  of s o l a r  energy from th e  
e a r t h ' s  s u r f a c e  and may g ive  an  i n d i r e c t  im p re s s io n  of  r e l i e f  
th rough  shadow e f f e c t s ,  e s p e c i a l l y  i f  sun an g le  i s  low and 
v e g e t a t i v e  cover  s p a r s e .  King (1982) n o t e s  t h e  l a c k  of
s t e r e o s c o p y ,  but s u g g e s t s  t h a t  a l a nd  system approach can be
used ,  i f  " . . . s u p p o r t e d  by s e l e c t e d  a i r p h o t o  i n t e r p r e t a t i o n  and
f i e l d w o r k  sampl ing  However, in  many a r e a s  where
topography i s  g e n t l e ,  no d i r e c t  im p re s s io n  of  r e l i e f  i s  
e v i d e n t  from imagery,  t h i s  i s  t h e  case f o r  much of Botswana.  
Changes i n  v e g e t a t i o n  p a t t e r n s  and o t h e r  ground cover  f e a t u r e s  
may i n d i r e c t l y  i n d i c a t e  v a r i a t i o n  i n  to pography ,  s u g g e s t in g
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t h a t  a d i f f e r e n t  approach t o  t h a t  of l a nd  systems a n a l y s i s  i s  
needed i f  L an d sa t  d a t a  i s  used.
Landsa t  d i g i t a l  da ta  has  a number of adv an tag es  ove r  
co n v e n t io n a l  a e r i a l  photography (even  a l lo w in g  f o r  a l a c k  of 
s t e r e o s c o p y ) ,  fo r  t e r r a i n  a n a l y s i s .  I t  p r o v id e s  a s y n o p t i c  
view of a l a r g e  a r e a .  Th is  overcomes t h e  problems of  m osa ics ,  
where to n e s  and t e x t u r e s  between a d j a c e n t  pho tographs  may 
v a ry .  I f  two or more L andsa t  images a r e  needed ,  computer  
programs a r e  a v a i l a b l e  f o r  j o i n i n g  s c e n e s ,  u s in g  t h e  d i g i t a l  
d a t a .  I f  a d i g i t a l  p r o c e s s in g  f a c i l i t y  i s  a v a i l a b l e ,  d e t a i l e d  
a r e a s  w i t h i n  t h e  main image can be examined r a p i d l y ,  and 
a c t u a l  r e f l e c t a n c e  v a l u e s  of f e a t u r e s  compared o b j e c t i v e l y ,  
a c r o s s  t h e  whole scene .  The MSS system a l s o  p r o v id e s  t h e  
o p p o r t u n i t y  t o  u t i l i s e  o t h e r  methods of t e r r a i n  
c l a s s i f i c a t i o n ,  th a n  t h a t  based on topography .
Any such method must  be based p r i m a r i l y  on r e f l e c t a n c e  
c h a r a c t e r i s t i c s  of ground cove r  f e a t u r e s .  Topography may 
modify t h e  r e f l e c t a n c e  c h a r a c t e r i s t i c s  of  a g iv e n  ground cover  
ty p e ,  but  i s  g e n e r a l l y  not  t h e  main p h y s i c a l  p r o p e r ty  
a f f e c t i n g  r e f l e c t a n c e .  T h e r e f o r e ,  t h e  primary  c l a s s i f i c a t i o n  
should  be based  on t h e  r e f l e c t a n c e  r e s p o n s e s  of  t h e  main 
ground cover  f e a t u r e s .  These w i l l  vary  w i th  p a r t i c u l a r  
env i ronm en ts ,  but  w i l l  u s u a l l y  c o n s i s t  of v e g e t a t i o n  and s o i l  
c o v e r ,  w i th  some exposed bedrock  and  d e t r i t u s ,  and s u r f a c e  
w a te r  b o d i e s .
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The r a t i o n a l e  f o r  th e  la n d  systems approach ,  based 
p r i m a r i l y  on to p o g ra p h ic  d i f f e r e n c e s ,  has been j u s t i f i e d  by 
S te w a r t  and P e r ry  (1953) a s  f o l l o w s :
"The topography and s o i l s  a r e  dependent  on 
t h e  n a t u r e  of the  u n d e r ly i n g  rocks  ( i e ,  g eo lo g y ) ,  
t h e  e r o s i o n a l  and dep o s i t i o n a l  p r o c e s s e s  t h a t  
have produced t h e  p r e s e n t  topography ( i e .  geo­
morphology) and t h e  c l im a t e  under which th e se  
p r o c e s s e s  have o p e r a t e d .  Thus t h e  l a n d  system 
i s  a s c i e n t i f i c  c l a s s i f i c a t i o n  of  coun t ry  based 
on topography ,  s o i l s  and v e g e t a t i o n  c o r r e l a t e d  
w i th  geo logy ,  geomorphology and c l i m a t e . "
I f  L andsa t  d a t a  i s  used ( i n s t e a d  of  s t e r e o s c o p i c  
p h o t o g r a p h s ) ,  t h e  a p p r o p r i a t e  d e f i n i t i v e  c h a r a c t e r i s t i c s  a r e  
no lo n g e r  changes  i n  r e l i e f ,  but  i n  t h e  r e f l e c t a n c e  r e s p o n s e  
of t h e  t e r r a i n  f e a t u r e s .  T h e r e f o re ,  t h e  c l a s s i f i c a t i o n  of 
t e r r a i n  u s in g  t h i s  d a t a  maybe be j u s t i f i e d  a s  f o l l o w s :
The p a r t i c u l a r  s p e c t r a l  r e s p o n s e s  r e c o rd e d ,  
of a g iv e n  a r e a ,  a r e  c h a r a c t e r i s t i c  of  v a r i o u s  
ground cover  f e a t u r e s .  The r e s p o n s e s  of  t h e se  
f e a t u r e s  ( v e g e t a t i o n ,  s o i l s ,  w a te r  b o d ie s ,  exposed 
geology)  a r e  i n f l u e n c e d  by a number of b io p h y s i c a l  
p r o p e r t i e s .  The p a t t e r n  of t h e s e  f e a t u r e s  a r e  
dependent  on t h e  n a t u r e  of t h e  u n d e r ly i n g  geo logy ,  
t h e  geomorphologica l  p r o c e s s e s  of which th e  
p r e s e n t  topography i s  a p roduc t  and t h e  c l im a t e  
under which th e se  p r o c e s s e s  have  o p e r a t e d .
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T h e r e f o re ,  an assessm en t  of t e r r a i n  based  on 
L andsa t  d a t a ,  i s  a s c i e n t i f i c  c l a s s i f i c a t i o n  o f '  
l andscape  based  on th e  s p e c t r a l  c h a r a c t e r i s t i c s  
of  ground s u r f a c e  f e a t u r e s  c o r r e l a t e d  w i th  geo logy ,  
topography ,  geomorphology and c l i m a t e .
Given t h i s  d e f i n i t i o n ,  a p a r t i c u l a r  ground c o v e r / s u r f a c e  
component may be used t o  c l a s s i f y  t h e  l a n d s c a p e ,  i n c l u d i n g  
r e l i e f .  Cole (1982b) n o t e s  t h a t  "The v e g e t a t i o n  of any a r e a  
r e f l e c t s  t h e  i n t e r p l a y  of c u r r e n t  c l i m a t i c  and ed a p h ic  
c o n d i t i o n s ,  and t h e  le gacy  of p a s t  c l i m a t i c  and g e o l o g i c a l  
e v e n t s . "  To t h i s  may w e l l  be added,  t h e  l a nduse  h i s t o r y  of  th e  
a r e a .  V e g e ta t io n  may t h e r e f o r e  p rov ide  a u s e f u l  index  of 
env i ronm en ta l  c o n d i t i o n s  and a means of  c l a s s i f y i n g  t e r r a i n .
With in  a t a r g e t  a r e a ,  b o u n d a r ie s  of  t h e  v a r i o u s  l e v e l s  of 
a c l a s s i f i c a t i o n  may be a l l o c a t e d  on t h e  b a s i s  of  s p e c i f i c  
s p e c t r a l  r e s p o n s e s .  The s u b - d i v i s i o n  may beg in  a t  t h e  broad  
s c a l e  (as  w i th  l a n d  s y s t e m s ) , working towards  t h e  p a r t i c u l a r  
( l a n d  u n i t s ) ,  or as  i n  t h e  case  of W r i g h t ' s  (197 2) 
s i t e - a n a l y s i s  approach ,  t h e  lowes t  la ndsca pe  u n i t s  a r e  d e f in e d  
f i r s t ,  t h e n  grouped t o g e t h e r  t o  form th e  e q u i v a l e n t  of l a nd  
s ys tem s .
I n d i v i d u a l  t e r r a i n  ' t y p e s '  ( f o r  example l a n d  s y s t e m s ) ,  
may vary  in  s i z e  from t e n s  t o  hundreds  of square  k i l o m e t r e s .  
Th is  may be a r e f l e c t i o n ,  i n  p a r t ,  of t h e  n a t u r e  of v a r i e d  
l a n d s c a p e s .  However, t h i s  i s  d i f f i c u l t  t o  t e s t ,  due t o  t h e  
l a c k  of s p e c i f i c a t i o n  a s  t o  t h e  amount of i n t e r n a l  v a r i a t i o n  
p e r m i t t e d  w i t h i n  any system (Young, 1976 ) .  The s m a l l e s t
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s e p a r a t e  component p a r t s  of a l andscape  a r e  r e g a r d e d  a s  a r e a s  
w i t h i n  which env i ronm enta l  c o n d i t i o n s  a r e  uniform (Young,
197 6 ) .  In  p r a c t i c e  the se  a r e  th e  s m a l l e s t  u n i t s  t h a t  can be 
d i s t i n g u i s h e d  a s  d i s t i n c t ,  i n t e r n a l l y  homogenous a r e a s  on t h e  
im agery.  In t h e  case  of Landsa t  im agery ,  t h i s  may r e p r e s e n t  
an  a r e a  of d i s t i n c t  s p e c t r a l  r e s p o n s e ,  c h a r a c t e r i s t i c  of  a 
p l a n t  community, over  a p a r t i c u l a r  s o i l  t y p e ,  formed from a 
p a r t i c u l a r  l i t h o l o g i c a l  u n i t .  Thus a t e c h n i c a l  s c a l e  l i m i t  t o  
t e r r a i n  a n a l y s i s  e x i s t s ,  where i t  i s  no lo n g e r  p o s s i b l e  to  
f u r t h e r  s u b - d iv id e  t h e  landscape  i n t o  i t s  component p a r t s  
u s in g  a p a r t i c u l a r  form of imagery.  The r e s o l u t i o n  of 
photography or  o t h e r  rem ote ly  sensed  d a t a  c o n t r o l s  t h i s ,  
t o g e t h e r  w i th  t h e  s c a l e  of t h e  ' h a r d  c o p y ' .  However, t h i s  
does  n o t  n e c e s s a r i l y  imply th e  need f o r  th e  h i g h e s t  r e s o l u t i o n  
of d a t a  p o s s i b l e ,  but  choice  of image s c a l e  and r e s o l u t i o n  
should  r e f l e c t  t h e  p a r t i c u l a r  envi ronment  and t h e  o b j e c t i v e s  
of su rvey .  A cho ice  of imagery i s  no t  always a v a i l a b l e ,  in  
which case an u n d e r s t a n d i n g  of t h e  l i m i t a t i o n s  imposed by 
r e s o l u t i o n  and s c a l e  must be t a k en  i n t o  a c c o u n t .
4 .2  T e r r a i n  a n a l y s i s  i n  Botswana.
In Botswana,  land  systems mapping h a s  been c a r r i e d  out  i n  
t h e  e a s t  of th e  count ry  (Bawden and S tobbs ,  1963; B aw den,
196 5 ) ,  and f o r  p a r t  of t h e  Okavango D e l t a  ( A s t l e  and Graham, 
1976; A s t l e ,  19 7 7 ) .  The l a t t e r  survey  d id  n o t  in c lu d e  w i t h i n  
i t s  b o u n d a r i e s ,  t h e  a r e a  of th e  p r e s e n t  s tu d y .
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A s o i l  survey ( S t a r i n g ,  1977) of t h e  Okavango d e l t a  and 
i t s  m a rg ins  employed a method of t e r r a i n  a n a l y s i s  s i m i l a r  to  
t h a t  of l and  sys tem s .  The r e g i o n  was s u b d iv id e d  i n t o  ' n a t u r a l  
r e g i o n s  , t e r r a i n  u n i t s '  and ' land  e l e m e n t s '  ( t h e  l a t t e r  two 
c l a s s e s  co r re s p o n d in g  c l o s e l y  to  ' land s y s t e m s '  and ' land  
u n i t s ' ) .  A t e r r a i n  u n i t  i s  d e f in e d  a s  hav ing  " . . . i n t e r n a l  
un iform p a t t e r n s  of  e c o l o g i c a l  c o n d i t i o n s . "  T h i s  survey  d id  
in c lu d e  th e  a r e a  of th e  p r e s e n t  s tudy w i t h i n  i t s  b o u n d a r ie s .
The s o i l  survey used a e r i a l  pho tography ( 1 :7 0  000,  b l a c k  
and w h i t e )  and L andsa t  p h o tog raph ic  p r o d u c t s  (1:620  000,  
i n c l u d i n g  c o lo u r  c o m p o s i t e s ) ,  t o  map t h e  b o u n d a r ie s  of  th e  
u n i t s .  The use of p re p ro c e s s e d  L andsa t  d a t a  l i m i t e d  t h e  use 
of t h e  d a t a  f o r  t h i s  k ind  of  su rvey ,  t o  v i s u a l  i n t e r p r e t a t i o n  
of a form s i m i l a r  t o  a e r i a l  p h o to g ra p h ic  i n t e r p r e t a t i o n .  Many 
of t h e  ad v a n ta g e s  of  Landsa t  d i g i t a l  d a t a  cou ld  n o t  be
u t i l i z e d .  At th e  s c a l e  of 1:620 000 ,  t h e  imagery cou ld  n o t  be
used t o  d e f in e  t h e  sm a l l e r  la ndsca pe  u n i t s ,  and t h e r e f o r e  t h e  
s tudy was l i m i t e d  t o  t h e  use of b l a c k  and w h i t e  photography a t
th e  '  land  e l e m e n t '  l e v e l  of c l a s s i f i c a t i o n .
Although t h e  s u r v e y ' s  t e r r a i n  c l a s s i f i c a t i o n  p r o v id e s  
some u s e f u l  i n f o r m a t i o n ,  i t  cannot  be c o n s id e r e d  a d eq u a te  a s  a 
framework f o r  o t h e r  su rveys  of t h e  a r e a ,  f o r  a number of 
r e a s o n s  : •
a )  Although th e  survey in c lu d e d  a form of t e r r a i n  
c l a s s i f i c a t i o n ,  i t  was produced p r i m a r i l y  t o  p rov ide  a 
p r a c t i c a l ,  s p a c i a l  framework i n t o  which t h e  r e s u l t s  of  a s o i l  
survey cou ld  be f i t t e d ,  which was t h e n  used t o  p rov ide  an
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as s e s s m e n t  of l and  use c a p a b i l i t i e s .  I t  p ro v id e s  on ly  l i m i t e d  
i n f o r m a t i o n  on a number of f a c t o r s  which a r e  im p o r tan t  i n  t h e  
c o n te x t  of t h e  p r e s e n t  s tudy ,  ( v e g e t a t i o n  p a t t e r n s ,  
co m p o s i t io n ,  physiognomy and s t r u c t u r e ,  and s u r f a c e  w a te r  
c o n d i t i o n s ) .
b) The survey  p r o v id e s  no i n f o r m a t i o n  on how th e  L an d sa t  
d a t a  was used  t o  d e f in e  t e r r a i n  u n i t s  (o r  l a n d  e l e m e n t s ) ,  
e s p e c i a l l y  t h e  r e l a t i o n s h i p  between ground f e a t u r e s  and t h e i r  
s p e c t r a l  r e s p o n s e s .  D e s c r i p t i o n s  of  co lou r  and to n e  a r e  
g iv e n ,  however,  th e s e  do not  seem t o  c o r re s p o n d  t o  a 
' c o n v e n t i o n a l '  Landsa t  c o lou r  comp>osite image (bands 4 ,  5 and 
7 , w i th  b l u e ,  g reen  and r e d  f i l t e r s ,  r e s p e c t i v e l y )  fo r  th e  
' g i v e n '  f e a t u r e s .  No i n f o r m a t i o n  i s  g iv e n  c o n c e rn in g  t h e  
type s  of  p7reprocessing and enhancement used ,  or of  band 
co m b in a t io n s .
c)  The d a t a  employed i n  t h e  s u r v e y ,  was n o t  t e m p o r a l l y  
c o n t ig u o u s ,  pxDsing problems c once rn ing  t h e  c o m p a r a b i l i t y  of 
t h e  L a n d s a t  d a t a  and ground s u r f a c e  c o n d i t i o n s  a s  r e c o r d e d  i n  
t h e  f i e l d .  F i e l d  work f o r  ground d a t a  was c a r r i e d  ou t  d u r in g  
197 8 ( f o r  th e  s tudy  a r e a )  and compared w i t h  a i r  p h o to g ra p h i c  
cover  from 197 3 and L a n d s a t  d a t a  from 1975.  The d a t a  s o u rc e s  
were  c l o s e  i n  te rms  of  s e a s o n a l i t y  ( r e m o t e ly  sensed  d a t a ,  
March; ground s u r v e y ,  May). However, t h e  i n c id e n c e  of 
r a i n f a l l  d u r in g  t h i s  p e r io d  was i r r e g u l a r ,  c a s t i n g  doubt  on 
t h e  c o m p a r a b i l i t y  of th e  d a t a  s o u rc e s .
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In  any survey u t i l i z i n g  r em o te ly  sensed  d a t a  s o u r c e s ,  
a c c u r a t e  i n t e r p r e t a t i o n  of  ground c o n d i t i o n s  i s  f a c i l i t a t e d  by 
tempora l  c o n t i g u i t y  of t h i s  d a t a  w i th  ground survey  
i n f o r m a t i o n .  I f  temporal  c o n t i g u i t y  i s  n o t  p o s s i b l e  i n  
p r a c t i c e ,  d a t a  shou ld  be c o l l e c t e d  a t  t im es  of  s i m i l a r  
en v i ro n m en ta l  c o n d i t i o n s ,  fo r  example a t  t h e  same s ea s o n .  The 
im por tance  of t im in g  may depend t o  some e x t e n t  on both  th e  
method of  d a t a  c o l l e c t i o n  and t h e  ground f e a t u r e s  t o  be 
a n a l y s e d .  In t h e  case of Landsa t  d a t a ,  th e  need f o r  
co n t ig u o u s  d a t a  i s  p robab ly  more im p o r t a n t .  The imagery 
g e n e r a t e d  from t h e  d i g i t a l  MSS d a t a  a l l o w s  i n f e r e n c e s  t o  be 
made about  ground f e a t u r e s  from th e  r e f l e c t a n c e  r e s p o n s e s  
r e c o r d e d .  These r e f l e c t a n c e s  may vary  g r e a t l y  w i th  changes i n  
e n v i ro n m en ta l  c i r c u m s ta n c e s ,  f o r  example,  f o l l o w i n g  heavy 
r a i n f a l l .
d)  Only l i m i t e d  rem o te ly  sensed  d a t a  was a v a i l a b l e  a t  
t h e  t ime of t h e  s o i l  s u rvey .  The s c a l e  of photography used 
was 1 ;70 000 (1 :40  000 s c a l e  was a v a i l a b l e  f o r  much of t h e  
a r e a ,  from August 1 % 9 ,  but  may have been th o u g h t  u n s u i t a b l e ) .  
The L a n d s a t  photo  p r o d u c t s  used  f o r  i n t e r p r e t a t i o n  were  sm al l  
s c a l e  (1 :620 000) and on ly  a s i n g l e  image f o r  each a r e a  ( t h r e e  
s e p a r a t e  images were  used t o  cover  t h e  whole d e l t a ) .
The s c a l e  of t h e  d a t a  w i l l  p a r t i a l  ly  de te rm ine  t h e  l e v e l  
t o  which  t h e  la n d sc a p e  i s  s u b - d iv id e d  ( l a n d  sys tems a r e  b e s t  
i d e n t i f i e d  a t  abou t  1 :125 000 s c a l e ,  and l a n d  f a c e t s  a t  1:20 
000 t o  1 :30  000 s c a l e s ,  Cooke and Doornkamp (1 9 7 4 ) .
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e) The use of s im ple ,  anal  1 s c a l e  L andsa t  photo  
p r o d u c t s ,  l e a v e s  t h e  survey open t o  one of th e  main c r i t i c i s m s  
of  t h e  use of remote imagery fo r  t e r r a i n  a n a l y s i s .  Wright  
(1972) s u g g e s t s  t h a t  a c l a s s i f i c a t i o n  i s  l i k e l y  t o  be s t r o n g l y  
i n f l u e n c e d  by th e  more e v id e n t  c o n t r a s t s  i n  p a t t e r n s  seen  on 
ph o to g ra p h s .  This  cou ld  l e a d  t o  a f i n a l  s u b - d i v i s i o n  i n t o  
la n d  u n i t s  which d i f f e r  both  i n  k ind  and i n  o r d e r  of 
m agn i tude .  Th is  c r i t i c i s m  would a p p l y . equal  ly t o  t h e  L an d sa t  
p h o t o - p r o d u c t 8 used i n  t h e  s o i l  s u rv e y .  This  can be overcome 
by v a r i o u s  forms of  d i g i t a l  enhancement of L an d s a t  d a t a .
These can improve th e  q u a l i t y  of t h e  r e s u l t a n t  imagery and 
s u bse quen t  i n t e r p r e t a t i o n .
4 .3  T e r r a i n  a n a l y s i s  of  t h e  sou th  e a s t e r n  m arg in  of  t h e  
Okavango Del ta  r e g i o n .
The f o l l o w i n g  survey  was u n d e r t a k e n  t o :
a )  P rov ide  an  e f f e c t i v e  summary of t h e  la n d sc a p e  
c h a r a c t e r i s t i c s  of  th e  s tudy a r e a ,  based  on t h e  s p e c t r a l  
r e s p o n s e s  of  ground f e a t u r e s  r e c o r d e d  by t h e  L a n d s a t  MSS 
system,
b) A ss es s  t h e  e f f e c t i v e n e s s  of  v a r i o u s  image enhancement 
and c l a s s i f i c a t i o n  p r o c e d u re s  f o r  t h e  i n t e r p r e t a t i o n  and 
c l a s s i f i c a t i o n  of  t e r r a i n  u s in g  L a n d s a t  d a t a .
P r e l i m in a ry  a n a l y s i s  of  t h e  s tudy  a r e a  was u n d e r ta k e n  
u s in g  a v a i l a b l e  s a t e l l i t e  and a e r i a l  p h o to g ra p h ic  coverage ,  
t o g e t h e r  w i th  p u b l i s h e d  maps and m a t e r i a l  d e s c r i b i n g  t h e  a r e a .  
The f i n a l  c l a s s i f i c a t i o n  was based  on a com bina t ion  of
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i n f o r m a t i o n ,  f i e l d  survey  d a t a ,  Landsa t  d a ta  and a e r i a l  
p h o to g r a p h i c  m a t e r i a l .
For t h e  1970^8,  only l i m i t e d  l a n d s a t  coverage i s  
a v a i l a b l e  f o r  S ou the rn  A f r i c a ,  (which was ou t  of t h e  range  of 
a L an d s a t  r e c e i v i n g  s t a t i o n ) .  Su b s eq u en t ly ,  a s t a t i o n  was s e t  
up i n  t h e  R ep u b l ic  of South A f r i c a ,  the re by  i n c r e a s i n g  t h e  
a v a i l a b i l i t y  of d a t a .
A number of L an d sa t  scenes  were  o b t a i n e d ,  as  both  
p r e p r o c e s s e d  b l a c k  and w h i t e  n e g a t i v e s  ( f o r  each MSS b a n d ) ,  
and i n  t h e  form of computer  c om pa t ib le  t a p e s  (CCT"s);
C C I ' a -  15 September 197 2 ID -  1054 -  07 571
19 January  1973 ID -  1180 -  07574
22 August 197 5 ID -  2212 -  07445
18 May 1976 ID -  2482 -  07402
I n i t i a l l y ,  t h e  p h o to g ra p h ic  n e g a t i v e s  were  used  t o  
produce b l a c k  and w h i t e  p r i n t s  and p o s i t i v e  t r a n s p a r e n c i e s ,  of 
each MSS band f o r  whole scenes  ( a t  1 :1  000 000 s c a l e ) .
T r a n s p a r e n c i e s  were  used  t o  g e n e r a t e  f a l s e  c o lou r  
com pos i te s  ( u s i n g  a c o lo u r  a d d i t i v e  v i e w e r )  a t  v a r i o u s  s c a l e s  
up t o  1 :200 000 .  Colour a d d i t i v e  v ie w in g  a s s i s t s  t h e  
i n t e r p r e t a t i o n  of  m u l t ib a n d  im agery ,  as  i t  e f f e c t i v e l y  
combines t h r e e  bands of  MSS d a t a  i n  one image.  The human eye 
i s  a l s o  b e t t e r  a b l e  t o  d i s c r i m i n a t e  c o lou r  th a n  grey to n e s ,  by 
up t o  100 t im es  ( S l a t e r ,  1 9 7 5 ) .  A c o lo u r  image i s  g e n e r a t e d  
by super im pos ing  t h r e e  of t h e  MSS bands ,  each w i th  one of t h e  
pr im ary l i g h t  c o l o u r s  ( b l u e ,  g reen  and r e d ) .  The ex am in a t io n
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of th e  p h o to g ra p h ic  p r o d u c t s  was u n d e r ta k e n  m a in ly  as a 
p r e l i m i n a r y  to  p r o c e s s i n g  t h e  d i g i t a l  d a t a .
The s tudy  a re a  was covered  by photo-maps a t  1:50 000 
s c a l e ,  th e se  p rov ide  only  b a s i c  i n f o r m a t i o n ,  but  were  u s e f u l  
i n  l o c a t i n g  major  f e a t u r e s  on t h e  imagery ( r i v e r s ,  r o a d s ,  and 
s e t t l e m e n t s ) .  These f e a t u r e s  were mapped t o  p rov ide  r e f e r e n c e  
p o i n t s .
The s tudy a r e a  was i n i t i a l l y  s u b - d i v i d e d  i n t o  a number of 
b road  c l a s s e s  on t h e  b a s i s  of v i s u a l  i n t e r p r e t a t i o n  of  c o l o u r ,  
tone and t e x t u r e  of scene e lem en t s  of  th e  L an d sa t  p h o to g ra p h ic  
p r o d u c t s .  Imagery of v a r i o u s  d a t e s  was examined,  and a number 
of d i f f e r e n t  c o lo u r  com posi te s  produced (by v a r y in g  
b a n d / f i l t e r  com bina t ions  i n  t h e  a d d i t i v e  v i e w e r ) ,  i n  an  
a t t e m p t  t o  enhance scene f e a t u r e s .
The c o n v e n t io n a l  co lou r  composi te  b a n d / f i l t e r  
c o m bina t ion ,  of bands 4 ,  5 and 7 w i th  t h e  b lu e ,  g r e e n  and r e d  
f i l t e r s  r e s p e c t i v e l y ,  p rov ided  t h e  b e s t  d i s c r i m i n a t i o n  over  
t h e  whole s cene .  I n d i v i d u a l  bands were  u s e f u l  f o r  i d e n t i f y i n g  
p a r t i c u l a r  f e a t u r e s ,  f o r  example,  MSS band 7 (1972 image) 
a l lo w e d  t h e  r i v e r s  seen  on t h e  1:50 000 map s e r i e s  t o  be 
c l e a r l y  i d e n t i f i e d .
The s tudy  areawas  s u b - d iv id e d  i n t o  c l a s s e s  where  a change 
i n  t h e  c h a r a c t e r  of t h e  r e c o r d e d  s p e c t r a l  r e s p o n s e s  was 
e v i d e n t ,  and w here  t h e  a r e a  e n c lo s e d  c o n t a in e d  a r e p e t i t i v e  
s u i t e  of r e f l e c t a n c e  p a t t e r n s  o r  was r e l a t i v e l y  homogenous.
No a t t e m p t  was made a t  t h i s  p o i n t  t o  r e l a t e  t h e  i n t e r n a l  
r e f l e c t a n c e  c h a r a c t e r i s t i c s  of  each c l a s s  t o  p a r t i c u l a r
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l a n d sca p e  f e a t u r e s ,
A map of th e  c l a s s e s  i d e n t i f i e d  was produced ( c ,  1:500
000 s c a l e ) ,  u s in g  i n f o r m a t i o n  from a l l  th e  a v a i l a b l e  L an d sa t  
imagery .  The map base was produced u s in g  t h e  image f o r  19 
January  1973 ( c o l o u r  composite  MSS bands 4 , 5  and 7 ( f i g .  4 . 1 )  
and s i n g l e  MSS band 5.
4 . 4  P r o v i s i o n a l  c l a s s i f i c a t i o n  of th e  s tudy  a r e a .
Broad a r e a s  c o n t a i n i n g  r e c u r r i n g  p a t t e r n s  of  r e f l e c t a n c e  
r e s p o n s e s  were  i d e n t i f i e d .  In some c a s e s ,  c o l o u r s ,  t o n e s  o r  
t e x t u r e s  m igh t  be seen  r e p e a t e d  i n  a d j a c e n t  c l a s s e s ,  but  t h e  
com bina t ion  of  f a c t o r s  and t h e i r  p a t t e r n  v a r i e d  s u f f i c i e n t l y  
fo r  a d i s t i n c t i o n  t o  be made. Seasonal  and y e a r l y  d i f f e r e n c e s  
i n  c o l o u r s  and t o n e s ,  between images ,  were n o te d .  D i f f e r e n c e s  
i n  p a t t e r n  and t e x t u r e  were  no t  g e n e r a l l y  e v i d e n t .
The p r o v i s i o n a l  c l a s s i f i c a t i o n  i s  g iv e n  belcxf. The main 
d i s t i n g u i s h i n g  scene  c h a r a c t e r i s t i c s  a r e  d e s c r i b e d  f o r  each 
c l a s s  ( c o l o u r s  and to n e s  r e f e r  t o  t h e  image of 19 J a n .  1973 
( f i g .  4 . 1 )  u n l e s s  s t a t e d ) .  Nine p r o v i s i o n a l  c l a s s e s  were  
i d e n t i f  i ed .
a)  C la s s  1. Areas c o n t a i n i n g  a dense ,  g e n e r a l l y  
i r r e g u l a r ,  ne twork  of low r e f l e c t a n c e  l e v e l s ,  seen  a s  b l a c k  o r  
d a rk  r e d ,  w i th  i n t e r t i c e s  of high r e f l e c t a n c e s ,  p a l e  b lue  t o  
w h i t e .  These a r e a s  a r e  found a t  th e  d i s t a l  end of  t h e  
Okavango d e l t a .
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Fig. 4.1 Landsat  co lour  composi te  of the study area 
(January 19731
79
b) C la s s  2 .  Ribbons of low r e f l e c t a n c e s ,  b l a c k  o r  da rk
r e d .  These a r e  a s s o c i a t e d  w i th  th e  major  r i v e r  channe ls  a t
t h e  d i s t a l  end of  t h e  d e l t a ,  and can be c l e a r l y  i d e n t i f i e d  on 
t h e  1 :50 000 pho to -m aps .
c)  C la s s  3 .  An a r e a  of ( g e n e r a l l y )  smooth r e f l e c t a n c e s ,  
forming e s s e n t i a l l y  a c o n c e n t r i c  p a t t e r n .  The c o l o u r s  and 
t o n e s  v a r i e d  markedly  between seasons  and y e a r s .  Higher to n e s  
g e n e r a l l y  o c c u r r e d  a t  t h e  o u t e r  l i m i t  of t h e  c o n c e n t r i c  
p a t t e r n .  The c l a s s  i s  c l e a r l y  a s s o c i a t e d  w i t h  t h e  Lake Ngami 
b a s i n ,  t h e  c e n t r e  of t h e  c l a s s  i s  s een  a s  b l a c k  on  a number of 
t h e  images ,  s u g g e s t i n g  a w a te r  body.
d) C la s s  4 .  An a r e a  of m o t t l e d ,  medium t o  h igh  
r e f l e c t a n c e s ,  v a ry in g  i n  co lour  from grey t o  b lu e ,  w i th  
p a t c h e s  of  w h i t e .  Fine networks of very  high r e s p o n s e s  i n  a l l  
bands a r e  e v i d e n t  i n  t h i s  c l a s s ,  as  w e l l  as  a number of 
d i s t i n c t  curved  f e a t u r e s .  Th is  c l a s s  o c c u r s  m a in ly  t o  t h e  
n o r th  of Lake Ngami.
e)  C la s s  5 .  Areas of  m o t t l e d ,  medium t o  h igh  
r e f l e c t a n c e s ,  e s p e c i a l l y  in  band 7 ( 1 9 7 3 ) .  Th is  a r e a  i s  most
d i s t i n c t  a s  s e p a r a t e  from a d j o i n i n g  a r e a s  on t h e  1973 image, 
where th e  c l a s s  v a r i e s  from medium and p a l e  orange-b rown t o  
brown- g r e y .  Th is  c l a s s  o c c u r s  t o  t h e  n o r th  of t h e  B o t e t i  
R iv e r .
f )  C la s s  6 .  Areas  of  m o t t l e d ,  medium to  h igh  r e s p o n s e s  
i n  a l l  bands .  This  c l a s s  i s  s i m i l a r  i n  p a t t e r n  t o  c l a s s  5 ,  
but  i s  dominantly  p a l e  t o  medium grey and blue i n  c o l o u r ,  
th rough  t o  w h i t e .  Th is  i s  found th roughou t  t h e . s t u d y  a r e a .
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but domina tes  t h e  r e g i o n s  t o  t h e  e a s t  and wes t  of t h e  Nghabe 
r i v e r ,  south  of t h e  B o t e t i .
g) C la s s  7.  This  a r e a  i s  v e ry  s i m i l a r  t o  c l a s s  6 in  i t s  
main c h a r a c t e r i s t i c s ,  but  i s  d i s t i n g u i s h e d  by c l u s t e r s  of  very  
low r e s p o n s e s  which form dark  brown m o t t l e d  a r e a s .
h) C la s s  8 .  Areas of  high t o  medium r e f l e c t a n c e ,  w i th  
l o c a l i s e d  p a t c h e s  of  low response  ( d a r k  brown) .  Th is  c l a s s  
v a r i e s  w ide ly  i n  c o l o u r ;  red -b row n ,  orange-brown,  ye l low ,  
grey and blue occur  as v a r i o u s  t o n e s .  This  c l a s s  i s  
p a r t i c u l a r l y  d i s t i n g u i s h e d  by t h e  t h e  p re sence  of broad 
e a s t - w e s t  t r e n d i n g  bands of  d i s t i n c t  s p e c t r a l  r e s p o n s e s .
i )  C la s s  9 .  An a r e a  of m o t t l e d ,  medium t o  d a rk  t o n e s ,  
v a r y in g  i n  c o lo u r  from brown, th rough g re e n  t o  grey and b lu e .  
Th is  c l a s s  d i s p l a y s  a s e r i e s  of  d i s t i n c t  l i n e a r  f e a t u r e s  
t r e n d i n g  n o r t h - e a s t  t o  s o u th -w e s t .  The e a s t - w e s t  t r e n d i n g  
bands of  c l a s s  8 c r o s s  i n t o  t h i s  c l a s s ,  but  t h e  two c l a s s e s  
rem a in  f a i r l y  d i s t i n c t .
The b o u n d a r ie s  between c l a s s e s  v a r i e d ,  some were  l e s s  
c l e a r  t h a n  o t h e r s ,  i n  p l a c e s  t h e  r e f l e c t a n c e  p a t t e r n s  seem t o  
form a continuum from one c l a s s  t o  a n o t h e r ,  w i th  no c l e a r  
boundary a t  a l l .  Th is  su g g es ted  t h a t  c e r t a i n  c l a s s e s  m igh t  
have common ground f e a t u r e s .  This  i s  e s p e c i a l l y  t r u e  of 
c l a s s e s  6 and 7,  where i t  was d i f f i c u l t  t o  a l l o c a t e  a 
boundary .  C la s s e s  1, 2 and 3 g e n e r a l l y  had v e ry  w e l l  d e f in e d  
b o u n d a r ie s  w i t h  o t h e r  c l a s s e s .  Boundar ies  between any two of 
t h e  c l a s s e s  4 ,  5 ,  6 ,  7 and 8 ,  were o f t e n  l e s s  d i s t i n c t .
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Having i n i t i a l l y  sub—d i v i d e d  t h e  s tudy  a r e a ,  s u b - s c e n e s  
(of  th e  whole L andsa t  scene)  were i d e n t i f i e d  f o r  d i g i t a l  
enhancement and d e t a i l e d  a n a l y s i s .  These s u b - sc e n e s  were  
s e l e c t e d  t o  in c lu d e  a p a r t  of s e v e r a l  of t h e  major 
s u b - d i v i s i o n  p r e v i o u s l y  i d e n t i f i e d .  The approx im ate  l o c a t i o n s  
of  t h e s e  s u b - s c e n e s  were  i d e n t i f i e d  on a p r i n t  MSS band 5 of 
t h e  whole  L andsa t  scene .  MGS band 5 was s e l e c t e d  because  i t  
p ro v id ed  good c o n t r a s t  between many scene  e l e m e n t s ,  and 
l o c a t i o n a l  f e a t u r e s  were c l e a r l y  v i s i b l e .  At t h e  sub -scene  
l e v e l ,  each p i x e l  w i t h i n  a g iven  a r e a  i s  d i s p l a y e d ,  t h a t  i s  a 
d i s p l a y  of every  column by every row of t h e  d a t a .
The a n a l y s i s  of  t h e  su b - sc e n e s  had a t h r e e - f o l d  
obj  e c t i v e :
a )  To check t h e  v a l i d i t y  of th e  p r o v i s i o n a l  b road  s c a l e  
s u b -d iv  i s i o n s ,
b) To a s s e s s  t h e  a p p l i c a b i l i t y  of  v a r i o u s  d i g i t a l  
enhancement and c l a s s i f i c a t i o n  p r o c e d u r e s ,  f o r  t e r r a i n  
a n a l y s i s  u s in g  L a n d s a t  d a t a .
c)  To produce d e t a i l e d  'm a p s '  of s p e c t r a l  r e sponse  
p a t t e r n s ,  w i t h i n  t h e  p r e v i o u s l y  i d e n t i f i e d  broad  
s u b - d i v i s i o n s .  These maps were  l a t e r  used a s  t h e  b a s i s  f o r  
f i e l d  check ing  and  compar ison  of  t h e  r e f l e c t a n c e  p a t t e r n s  w i th  
a e r i a l  p h o to g ra p h ic  d a t a .
P ix e l  l i n e  and column c o o r d i n a t e s  w ere  used  t o  l o c a t e  and 
e x t r a c t  t h e  s u b -  scenes  from t h e  d i g i t a l  d a t a  space .  The 
methods of  e x t r a c t i n g  a d a t a  s e t  and of  subsequen t  enhancement
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p r o c e d u r e s  v a r i e d  w i th  th e  image p r o c e s s in g  system used .
The images were a n a ly s e d  and maps produced by two 
m ethods ,  namely,  v i s u a l  c l a s s i f i c a t i o n  (of  t h e  p a t t e r n s  on t h e  
b a s i s  of  c o l o u r ,  tone and t e x t u r e ,  from d i g i t a l l y  enhanced 
imagery) , and by u s in g  computer  a s s i s t e d  c l a s s i f i c a t i o n  
t e c h n i q u e s  ( s u p e r v i s e d  and u n s u p e r v i s e d ) ,  i t  i s  im p o r ta n t  t o  
n o te  t h e  d i f f e r e n c e  between c l a s s i f i c a t i o n  and enhancement.  A 
c l a s s i f i c a t i o n  c o n s i s t s  of  a number of s t e p s  by which t h e  
image d a t a  i s  co n v e r t e d  i n t o  s p e c i f i c ,  d i s c r e t e  c l a s s e s  t h a t  
h i g h l i g h t  i n f o r m a t i o n ,  and i n v o l v e s  i n t e r p r e t a t i o n  of th e  
im agery .  An enhancement t r a n s f o r m s  t h e  d a ta  i n t o  a more 
i n t e r p r é t a b l e  form ( L i l l e s a n d  and K i e f e r ,  1979 ) .
4 .5  P r e l i m in a ry  i n t e r p r e t a t i o n  and c l a s s i f i c a t i o n  of  
s u b - s c e n e s .
4 . 5 . 1  Visua l  methods .
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P r i o r  t o  v i s u a l  c l a s s i f i c a t i o n ,  a n u m ber /p rocedu res  were
used t o  enhance th e  s u b - s c e n e s .  C e r t a i n  enhancements were 
s p e c i f i c a l l y  employed t o  improve t h e  imagery fo r  t e r r a i n  
a n a l y s i s .  D ens i ty  s l i c i n g  and s p e c i a l  h i s to g ra m  c o n t r a s t  
s t r e t c h e s ,  were used  t o  o b j e c t i v e l y  i d e n t i f y  a r e a s  o f  equal  
tone a c r o s s  an  image and t o  improve t h e  c o n t r a s t  be tween 
v a r i o u s  scene  components.  Band r a t i o s  w ere  used  i n  an  a t t e m p t  
t o  i s o l a t e  and i d e n t i f y  s p e c i f i c  la n d sc a p e  f e a t u r e s .
83
Once s u i t a b l e  imagery had been g e n e r a t e d ,  i t  was used t o  
map t h e  s p e c t r a l  re sponse  p a t t e r n s  on t o  a map b ase .  At t h i s  
s t a g e ,  t h e  s m a l l e s t  component p a r t s  of t h e  image were  p l o t t e d ,  
and c l a s s i f i e d  a c c o rd in g  t o  c o l o u r ,  tone and t e x t u r e .  The 
b o u n d a r i e s  were a l s o  c l a s s i f i e d  a s  e i t h e r ,  w e l l  d e f in e d ,  
a d e q u a t e l y  d e f i n e d ,  or p oo r ly  d e f i n e d .  In some c a s e s  t h e  
boundary between two u n i t s  was d i f f i c u l t  t o  d e f i n e ,  when a 
g r a d u a l  change of co lou r  a n d /o r  tone between two d i s t i n c t  
a r e a s  e x i s t e d .
4 . 5 . 2  Computer a ided  m e thods .
D i g i t a l  image p r o c e s s i n g  c a r r i e d  ou t  p r i o r  to  f i e l d  
su rvey  (1983) used  e i t h e r  t h e  Bedford  C o l lege  image p r o c e s s i n g  
l i b r a r y  of programs o r  t h e  IDP3000 system.
U nsuperv ised  and s u p e r v i s e d  c l a s s i f i c a t i o n  programs 
(C h a n d le r ,  1977) were used  on s e l e c t e d  s u b - s c e n e s .  These 
p r o c e d u r e s  were  used  t o  s u b - d iv id e  th e  imagery a u t o m a t i c a l l y  
on t h e  b a s i s  of  r e f l e c t a n c e  v a l u e s ,  t o  overcome problems of  
v i s u a l  i n t e r p r e t a t i o n .
The u n s u p e rv i s e d  c l a s s i f i c a t i o n  (POLYDIV, p o l y t h e t i c  
d i v i s i v e  c l u s t e r  a n a l y s i s )  (M a iz e l s ,  1977) in v o lv e d  f i n d i n g  
which p i x e l  v a l u e s  a r e  s i m i l a r  enough t o  one a n o t h e r  t o  a l low  
them t o  be grouped t o g e t h e r .  P o l y t h e t i c  c l a s s i f i c a t i o n  means 
p i x e l  v a l u e s  may be grouped a s  t h e  r e s u l t  of s i m i l a r i t y  
between o n ly  some of t h e i r  a t t r i b u t e s  and n o t  n e c e s s a r i l y  a l l  
of them. The p ro ced u re  i s  d i v i s i v e ,  t h e  p i x e l s  a r e  i n i t i a l l y  
p l a c e d  i n t o  t h e  two most d i s s i m i l a r  g roups ,  based  on a 
' s i m i l a r i t y  m a t r i x '  of a l l  o b s e r v a t i o n s .  'The  d e c i s i o n  on
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where t o  s p l i t  t h e  groups i s  accompl i shed  by c a l c u l a t i n g  t h e  
s h o r t e s t  d i s t a n c e s  ( i . e .  E uc l idean  d i s t a n c e s )  be tween  p i x e l  
v a l u e s  i n  3-band (o r  4 -band )  s p ace ,  and e n s u r i n g  t h a t  th e  
v a r i a n c e  (based  on mean d i s t a n c e  of each o b s e r v a t i o n  from t h e  
r e l e v a n t  mean v a l u e )  between each group exceeds  t h e  v a r i a n c e  
w i t h i n  each g r o u p . "  (M aize ls ,  197 7 ) .  The group w i t h  t h e  
g r e a t e s t  v a r i a n c e  i s  t h e n  i t s e l f  su b d iv id e d .  This  i s  r e p e a t e d  
u n t i l  t h e  number of groups o r i g i n a l l y  s p e c i f i e d  i n  t h e  
p ro c e d u re ,  i s  r e a c h e d .
The ad v a n ta g e s  of  u n s u p e rv i s e d  c l a s s i f i c a t i o n  a r e ,  t h a t  
no ground d a t a  or  s i m i l a r  i n f o r m a t i o n  i s  needed t o  g e n e r a t e  
c l u s t e r s  ( i n v o l v i n g  s u b j e c t i v e  s e l e c t i o n  of  t r a i n i n g  d a t a ) ,  
and t h e  r e s u l t a n t  map t h e r e f o r e  p r o v id e s  a n  o b j e c t i v e  d i v i s i o n  
of  t h e  t a r g e t  a r e a ,  based on i t s  r e f l e c t a n c e  c h a r a c t e r i s t i c s .
The s u p e r v i s e d  c l a s s i f i c a t i o n  (program SOUP (C h an d le r ,  
1977))  r e q u i r e d  t h e  in p u t  of s e l e c t e d  t r a i n i n g  s e t s  of  d a t a  
which were c o n s id e r e d  t y p i c a l  of a ground f e a t u r e  or  cover  
type ( t h e  p ro c e d u re  i s  d e s c r i b e d  i n  d e t a i l  by M aize ls  ( 1 9 7 7 ) ) .  
A i r  p h o to g ra p h ic  cover was used t o  a i d  s e l e c t i o n  of th e  
t r a i n i n g  s e t s .
The t r a i n i n g  s e t s  were  used t o  c a l c u l a t e  a measurement 
v e c t o r  ( i . e .  t h e  mean d e n s i t y  v a l u e ) ,  and t h e  co v a r i a n c e  
m a t r i x  f o r  each band.  The E u c l id e a n  d i s t a n c e  between each 
p i x e l  and each  t r a i n i n g  s e t  v e c t o r  was c a l c u l a t e d ,  and t h e  
p i x e l s  were  a l l o c a t e d  t o  t h e  t r a i n i n g  s e t  which i s  t h e  most 
s i m i l a r  (M a iz e l s ,  19 7 7 ) .  The d e c i s i o n  b o u n d a r ie s  between 
d i f f e r e n t  c l a s s i f i c a t i o n  groups was based  on m a the m a t ic a l
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d e c i s i o n  r u l e s ,  in v o l v in g  p r o b a b i l i t y  c a l c u l a t i o n s ,  A 
t h r e s h o l d  l e v e l ,  d e f i n i n g  t h e  maximum d i s t a n c e  from any group 
mean a t  which a p i x e l  could be a l l o c a t e d  t o  a group,  cou ld  be 
g iv e n  and a ' b i n '  c l a s s  of  u n i d e n t i f i e d  p i x e l s  g e n e r a t e d .  
M u l t i p l e  t r a i n i n g  s e t s  were  used f o r  each group,  t o  overcome 
any p o s s i b l e  problems caused  by haze or  s l i g h t  to p o g ra p h ic  
d i f f e r e n c e s  a c r o s s  t h e  image.
The s u p e r v i s e d  c l a s s i f i c a t i o n  has  t h e  a d v a n ta g e ,  t h a t  
d u r in g  t h e  i n t e r p r e t a t i o n  of  th e  c l a s s i f i e d  map, each c l a s s  
can be a s s o c i a t e d  w i th  t h e  known ground f e a t u r e  used t o  
p rov ide  t h e  o r i g i n a l  t r a i n i n g  s e t .
4 .6  Assessment of c l a s s i f i c a t i o n  p ro c e d u re s .
The d e t a i l e d  a n a l y s i s  of su b - sc en es  d id  n o t  r e s u l t  i n  any 
major changes t o  t h e  p r o v i s i o n a l  c l a s s i f i c a t i o n  of  t h e  study  
a r e a .  At t h e  sub-scene  l e v e l  i t  was p o s s i b l e  t o  d e f i n e  t h e  
b o u n d a r i e s  between c l a s s e s  more p r e c i s e l y .  At t h i s  l e v e l  th e  
i n d i v i d u a l  components which form t h e  d i s t i n c t i v e  p a t t e r n  of 
s p e c t r a l  r e s p o n s e s  w i t h i n  each c l a s s ,  could  r e a d i l y  be seen .
The c l a s s i f i c a t i o n  p ro ced u re s  used ,  v a r i e d  g r e a t l y  in  
t h e i r  a b i l i t y  t o  p rov ide  a u s e f u l  c l a s s i f i c a t i o n  f o r  t h e  s tudy  
a r e a .
The u n s u p e rv i s e d  c l a s s i f i c a t i o n  (POLYDIV) proved  
u n s u c c e s s f u l .  Beyond t h e  f i r s t  second,  or  t h i r d  d i v i s i o n  of 
t h e  d a t a ,  th e  d i s p l a y e d  c l a s s e s  became f ragm en ted  and no 
r e c o g n i s a b l e  p a t t e r n  (when compared w i t h  a e r i a l  p h o to g r a p h s ) ,  
was found .  Cole and Owen-Jones (1 9 7 7 ) ,  u s in g  t h e  same POLYDIV
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program, en co u n te red  v a r y in g  r e s u l t s  from t h i s  method,  
depending  on t h e  type of landscape  i n v e s t i g a t e d .  They 
su g g es ted  t h a t  t h e  f a i l u r e  of th e  c l a s s i f i c a t i o n  f o r  c e r t a i n  
t e r r a i n  was due t o  ex t rem ely  he te rogeneous  s p e c t r a l  r e s p o n s e s ,  
in  t h e i r  case a s s o c i a t e d  w i th  rugged t e r r a i n .  Areas of 
n a t u r a l  t e r r a i n  o f t e n  e x h i b i t  a h igh  deg ree  of c o n t in u o u s  
s p a t i a l  v a r i a t i o n  (a s  opposed t o  t h e  d i s c r e e t  
c o m p a r t m e n t a l i s a t i o n  of many man-made l a n d s c a p e s ) ,  hence the  
d i f f i c u l t y  in  d e f i n i n g  some of t h e  c l a s s  b o u n d a r ie s  w i t h i n  t h e  
study  a r e a .  The c l a s s e s  d i s p l a y e d  f o r  th e  f i r s t  few d i v i s i o n s  
of t h e  d a t a ,  o f t e n  co r responded  c l o s e l y  t o  t h e  c l a s s e s  d e f in e d  
e a r l i e r ,  which were c l e a r l y  seen  on t h e  c o n v e n t io n a l  co lou r  
composi t e .
The s u p e r v i s e d  c l a s s i f i c a t i o n  (SOUP) a l s o  proved 
u n s u c c e s s f u l .  The s u b j e c t i v e  cho ice  of t r a i n i n g  s e t s  g r e a t l y  
a f f e c t e d  t h e  r e s u l t a n t  c l a s s e s ,  which v a r i e d  c o n s i d e r a b l y  wi th  
d i f f e r e n t  d a t a  s e t s .  Lack of  d e t a i l e d  knowledge of ground 
c o n d i t i o n s  meant  t h a t  t r a i n i n g  s e t s  were  ne c e s s a r i l y  
a r b i t r a r y ,  even w i th  t h e  use of a e r i a l  pho to g rap h s .
V isua l  c l a s s i f i c a t i o n ,  d e s p i t e  c e r t a i n  problems i n h e r e n t  
i n  t h i s  s u b j e c t i v e  method,  proved t o  be t h e  most  p r a c t i c a l  and 
u s e f u l  method a t  t h i s  s t a g e .  Each d i s c r e t e  scene e lem en t ,  
a l l o c a t e d  a boundary,  was coded a c c o r d in g  t o  c o lo u r  and tone 
u s in g  a key adopted  from Cole and Owen—Jones  (1 9 7 7 ) .  Nine 
l e v e l s  of  i n c r e a s i n g  d e n s i t y  of tone a r e  used .  The i n d i v i d u a l  
e l em en t s  cou ld  t h e n  be a l l o c a t e d  t o  c l a s s e s  on t h e  b a s i s  of  
t h e  cod ing .  Th is  a l low ed  a l a r g e  d eg ree  of f l e x i b i l i t y  in  
c l a s s i f i c a t i o n ,  which i s  im p o r ta n t  p r i o r  to  f i e l d
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v e r i f i c a t i o n .  The code al lowed s u b t l e  d i f f e r e n c e s  i n  t h e  
la n d sc a p e  t o  be i d e n t i f i e d  i n  t h e  f i e l d ,  w i t h i n  s e l e c t e d  
c l a s s e s .  This  was no t  be p o s s i b l e  w i th  th e  o t h e r  
c l a s s i f i c a t i o n s ,  and d i f f i c u l t  when u s in g  u n c l a s s i f i e d  images 
w i th  no imposed s t r u c t u r e .
V isua l  c l a s s i f i c a t i o n  i s ,  however, t ime consuming and 
open t o  t h e  c r i t i c i s m  of being h ig h l y  s u b j e c t i v e .  D i f f e r e n t  
i n d i v i d u a l s  may c l a s s i f y  to nes  and c o l o u r s  d i f f e r e n t l y ,  and a 
s i n g l e  i n t e r p r e t e r  may no t  be c o n s i s t e n t  a c r o s s  an  image (one 
of  th e  problems a s s o c i a t e d  w i th  t h e  use of a e r i a l  pho tography ,  
t h a t  t h e  a n a l y s i s  of  d i g i t a l  d a ta  can p o t e n t i a l l y  a v o i d ) .  
During t h e  p r e s e n t  s tu d y ,  t h e  coding of  scene e l e m e n t s  was 
c o n t i n u a l l y  checked a g a i n s t  o t h e r  p a r t s  of  th e  imagery w i th  
t h e  same coding ;  v a r i a t i o n  appea red  t o  be m in im a l ,  e s p e c i a l l y  
w i th  r e g a r d  t o  c o l o u r s .  Another problem a s s o c i a t e d  w i th  
v i s u a l  c l a s s i f i c a t i o n  i s  t h a t  c o l o u r s  and tone  a l s o  v a ry  
depending  on t h e  p a r t i c u l a r  c o n t r a s t  s t r e t c h  used on any 
s u b - s c e n e ,  making d i r e c t  comparison between s u b - sc e n e s  
d i f f i c u l t .  A deg ree  of o v e r l a p  between a d j a c e n t  s u b - s c e n e s  
a i d e d  d e t e c t i o n  of  v a r i a t i o n .
D ens i ty  s l i c i n g  proved  u s e f u l  in  d e t e c t i n g  a r e a s  of  
s i m i l a r  t o n a l  v a l u e s  a c r o s s  an  image,  h e l p in g  t o  even  ou t  
p o t e n t i a l  e r r o r s  of v i s u a l  c l a s s i f i c a t i o n .  Band r a t i o s  were  
no t  g e n e r a l l y  h e l p f u l ,  as  i n t e r p r e t a t i o n  of  t h e  r e s u l t s  was 
d i f f i c u l t ,  l a c k i n g  ground d a t a .  Images produced from 
com bina t ions  of  MSS band 7 ( h ig h l y  r e f l e c t e d  by h e a l th y  g reen  
v e g e t a t i o n )  and band 5 ( h ig h l y  absorbed ,  f o r  p h o t o s y n t h e s i s )  
were  used i n  o r d e r  t o  t r y  and d e t e c t  v a r i a t i o n s  i n  g reen
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v e g e t a t i o n  cover .  Both t h e  simple r a t i o  of MSS bands 7 / 5 ,  and 
t h e  ' v e g e t a t i o n  i n d e x '  (Cur ran ,  1980) ( 7 - 5 ) / ( 7 + 5 ) ,  produced 
images which when compared w i th  a e r i a l  pho tographs  gave an  
i n d i c a t i o n  of  th e  g en e ra l  d i s t r i b u t i o n  of v e g e t a t i o n  cover ,  
however,  t h e  imagery and p h o to g ra p h ic  d a ta  were  not  
contemporary and so no c l e a r  comparison could  be made.
The c l a s s i f i e d  maps were compared w i th  t h e  a v a i l a b l e  
a e r i a l  p h o to g ra p h ic  d a t a  p r i o r  t o  ground s u rv e y .  A 
p r o v i s i o n a l  i n t e r p r e t a t i o n  of  t h e  main physiognomic c a t e g o r i e s  
of  v e g e t a t i o n  (woodland,  t r e e  and shrub  savanna ,  g r a s s l a n d  and 
a q u a t i c )  was made. Topograph ica l  and h y d r o l o g i c a l  f e a t u r e s  
were  no ted  from th e  exam ina t ion  of s t e r e o  p a i r s  of  a e r i a l  
pho tog raphs .
4 .7  Ground r e f e r e n c e  d a ta  c o l l e c t i o n .
4 . 7 . 1  I n t r o d u c t i o n .
Ground r e f e r e n c e  d a ta  i s  perhaps  t h e  most im p o r ta n t  
s u b - s e t  of a l l  r e f e r e n c e  d a t a  used f o r  th e  i n t e r p r e t a t i o n  of  
remote s e n s in g  imagery .  Th is  d a t a  i s  g a t h e r e d  d i r e c t l y  i n  t h e  
f i e l d ,  and may take  a number of fo rms.
Ground d a t a  i s  p a r t i c u l a r l y  im p o r tan t  i n  e s t a b l i s h i n g  t h e  
r e l a t i o n s h i p  between image d a t a  v a l u e s  and t h e  p h y s i c a l  
c h a r a c t e r i s t i c s  govern ing  t h e  r e s p o n s e  of s p e c i f i c  s u r f a c e s  a s  
they  e x i s t  a t  ground l e v e l .  In  t h e  case  of L an d sa t  MSS d a t a ,  
t h i s  i n v o l v e s  t h e  c h a r a c t e r i s t i c s  which govern  t h e  r e f l e c t a n c e  
( a b s o r p t i o n  and t r a n s m i s s i o n ) ,  of s o l a r  r a d i a t i o n  i n  t h e  fo u r  
MSS bands .  The v a l u e  of each i n d i v i d u a l  p i x e l  i s  a p roduc t  of
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th e  r e f l e c t a n c e  v a l u e s  of  a l l  the  ground f e a t u r e s  w i t h i n  t h e  
p i x e l  a r e a .  Thus ground d a ta  c o l l e c t i o n  w i l l  co v e r ,  as  f a r  as 
i s  p r a c t i c a l ,  a l l  f e a t u r e s  o c c u r r i n g  i n  sample a r e a s ,  th e  
d e t a i l  be ing  de te rm ine d  by c o s t ,  t ime or  env i ronm en ta l  
c o n s t r a i n t s ,
4 . 7 . 2  Timing.
P e rm i s s io n  f o r  r e s e a r c h  i n  Botswana,  and l i a i s o n  w i th  th e  
a p p r o p r i a t e  Government d ep a r tm en t s  concerned  w i t h  a s p e c t s  of 
t h e  s tu d y ,  p re c lu d e d  f i e l d  i n v e s t i g a t i o n s  p r i o r  to  1983 .
Ground d a t a  c o l l e c t i o n  was c a r r i e d  ou t  between l a t e  A p r i l  
and l a t e  June 1983 ( a t  th e  end of  t h e  summer). This  p e r io d  
was chosen  f o r  a nun her  of r e a s o n s ;
a )  Most of t h e  v e g e t a t i o n  i n  t h e  a r e a  shou ld  s t i l l  be in  
good c o n d i t i o n  a t  t h i s  t im e .  Th is  was im p o r ta n t  i n  te rm s  of  
b o th ,  i d e n t i f i c a t i o n  of s p e c i e s ,  and f o r  an u n d e r s t a n d i n g  of  
t h e  s t r u c t u r e  and physiognomy of t h e  v e g e t a t i o n  p a t t e r n s .  In 
t h e  e v e n t ,  no problem was e n c o u n te r e d  i n  i d e n t i f y i n g  woody
s p e c i e s ,  even though Bota#ana had e x p e r i e n c e d  low r a i n f a l l  in
t h e  1982-83 season .  However, i d e n t i f i c a t i o n  of g r a s s e s  was 
hampered by t h e  poor c o n d i t i o n  of  most spec imens .
At t h i s  p e r io d  of  t h e  y e a r ,  g r a s s  cover  i s  u s u a l l y  
d e c l i n i n g  r a p i d l y  ( t o  a low p o i n t  i n  J u l y ) ,  i n  t h e  Sandveld  
savanna  zones  (APRÜ, 197 5 ) .  This  was more marked i n  1983,  due
t o  low r a i n f a l l  over  t h e  p r e v io u s  few y e a r s  and i n c r e a s i n g
g r a z i n g  p r e s s u r e .  Low g r a s s  cover a id e d  t h e  e v a l u a t i o n  of  
woody cover  e s t i m a t i o n  i n  t h e  Sandveld  zone,  u s in g  L a n d s a t
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da ta  ( c h a p t e r  V ) .
b) An a e r i a l  p h o to g rap h ic  survey  ( b l a c k  and w h i t e ,  1:50 
000) of  t h e  whole d e l t a  was f lown d u r in g  t h i s  p e r i o d  ( t h e  
s tudy  a r e a  was covered between 7 and 16 May). T s e t sek u  r a n c h ,  
run by th e  Animal P ro d u c t io n  Research  U ni t  (APRU) of t h e  
Botswanan M in i s t ry  of A g r i c u l t u r e ,  and used  a s  one of t h e  main 
ground survey  s i t e s  du r ing  t h i s  s tu d y ,  was a l s o  pho tographed  
( c o l o u r ,  1 :10  0 0 0 ) ,  on 16 June .  S e t s  of  both  p h o to g ra p h ic  
s u rv e y s  were  o b t a in e d  from t h e  Botswana Department of Surveys 
and Lands .
A L an d s a t  image f o r  th e  7 May was o b t a i n e d  subsequen t  t o  
ground survey  from t h e  South A f r i c a n  L an d sa t  r e c e i v i n g  
s t a t i o n .  Toge ther  w i th  t h e  ground survey  and a e r i a l  
pho tography ,  t h i s  p ro v id ed  t h e  s tudy  w i th  a h i e r a r c h y  of 
c o n t ig u o u s  d a t a ,
c)  Timing of  f i e l d  work a t  t h e  end of  t h e  summer 
c o i n c id e d  w i t h  a f a l l  in  both  t e m p e r a t u r e s  and r a i n f a l l ,  
both  of which improved working c o n d i t i o n s ,  and o c c u r r e d  b e f o r e  
t h e  main annua l  f l o o d i n g  of  t h e  lower  d e l t a .  The d e c re a s e  i n  
r a i n f a l l  improves a c c e s s i b i l i t y  over  t h e  s tudy  a r e a ,  which 
l a c k s  a l l - w e a t h e r  r o a d s .  The r a i n f a l l  i s ,  however, out  of 
phase w i th  t h e  annua l  f lo o d i n g  of  t h e  d e l t a .  The main r a i n s  
f a l l  from November t o  March in  t h e  main ca tchment i n  Angola,  
and a l th o u g h  maximum f l o o d i n g  of  t h e  Okavango a t  Mohembo (on 
t h e  Namibian-Botswanan b o rd e r )  i s  i n  March, i t  t a k e s  a f u r t h e r  
f i v e  months t o  peak a t  Maun (Wilson and D ince r ,  197 6 ) .  Th is  
meant  a c c e s s  was p o s s i b l e  i n t o  p a r t s  of  t h e  s tudy  a r e a ,  l i a b l e
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to  f l o o d i n g ,  u n t i l  l a t e  June ,
4 . 7 , 3  Local  c o n d i t i o n s .
The a r e a  under i n v e s t i g a t i o n  i s  i n  t h e  more remote n o r th  
of Botswana.  A r oad  c o n t r a c t e d  from c a l c r e t e  e x i s t s  a lo n g  t h e  
main a x i s  of  t h e  s tudy  a r e a ,  runn ing  from Maun t o  Sehitwa n e a r  
Lake Ngami, and a n o t h e r  from Maun towards  F r a n c i s  town. Most 
of t h e  o t h e r  m o to ra b le  t r a c k s  and c u t - l i n e s  a r e  simply loose 
sand,  making a fou r -w he e l  d r i v e  v e h i c l e  e s s e n t i a l .  The a r e a  
i s  w e l l  covered  w i th  t r a c k s ,  many of which have been mapped 
and can a l s o  be seen  on a e r i a l  ph o to g rap h s .  However, s ince  
t h e  p u b l i c a t i o n  of t h e  1 :50 ,000  map s e r i e s ,  many of t h e  t r a c k s  
and c u t - l i n e s  have  become overgrown and new ones have  been 
c u t .  A ccura te  l o c a t i o n  away from major f e a t u r e s  such as 
t r a c k s ,  r i v e r  c h a n n e l s ,  pans and f e n c e l i n e s  i s  d i f f i c u l t .  The 
t e r r a i n  f o r  t h e  most p a r t  i s  g e n t l y  u n d u l a t i n g  w i t h  few 
d i s t i n c t i v e  landmarks  v i s i b l e  a t  ground l e v e l .
4 . 7 . 4  S e l e c t i o n  of ground c h a r a c t e r i s t i c s .
S ev e ra l  s e t s  of  ground c h a r a c t e r i s t i c s  can be i d e n t i f i e d  
and measured  i n  t h e  f i e l d .  An u n d e r s t a n d i n g  of  t h e  b a s i c  
f a c t o r s  c o n t r o l l i n g  t h e  r e f l e c t e d  s o l a r  r a d i a t i o n  i s  
i m p o r t a n t .  Ground d a t a  c o l l e c t i o n  f o r  t e r r a i n  a n a l y s i s  o r  a 
r e s o u r c e  s u rvey ,  as  i n  t h e  p r e s e n t  s tu d y ,  i s  u n l i k e l y  t o  a l low  
f o r  th e  t im e ,  p r e c i s i o n  and i n s t r u m e n t a t i o n  needed t o  measure  
t h e s e  f a c t o r s ,  but a b a s i c  u n d e r s t a n d i n g  of  them i s  r e q u i r e d .  
O u t l i n e d  below a r e  some of t h e  main b i o p h y s i c a l  p r o p e r t i e s  
a f f e c t i n g  r a d i a t i o n  c h a r a c t e r i s t i c s  ( r e c o rd e d  by L an d sa t  MSS 
s e n s o r s )  ( J u s t i c e  and Townshend 1981a) .
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a) G e n e ra l ;  t o p o g ra p h y , azimuth  and e l e v a t i o n  of  
r a d i a t i o n  s o u rc e ,  a tm ospher ic  i n t e r a c t i o n s ,  and 
i n s t r u m e n t / s e n s o r  c h a r a c t e r i s t i c s ,
b) V e g e t a t i o n ;  p l a n t  c e l l  s t r u c t u r e  and p ig m e n ta t io n ,  
p h y s i c a l  form of t h e  p l a n t  (eg ,  l e a f  o r i e n t a t i o n ) ,  and l e a f  
m o i s t u r e  c o n t e n t .
c) S o i l s ;  t e x t u r e ,  m o i s t u r e  and s o l u b l e  s a l t  c o n t e n t ,  
humus and i r o n  o x id e ,  m inera l  com pos i t ion ,  m i c r o - r e l i e f ,  and 
w e a th e r in g  p r o d u c t s .
Data may be c o l l e c t e d  on d i r e c t l y  o b s e r v a b le  f e a t u r e s  of  
a t a r g e t  a r e a .  Th is  u s u a l l y  i n v o l v e s  c o l l e c t i n g  i n f o r m a t i o n  
a t  a nixnber of s i t e s  and u s in g  t h i s  d a t a  t o  i n t e r p r e t  th e  
imagery and e x t r a p o l a t e  over  t h e  t a r g e t  a r e a .
There a r e  a wide range of ground f e a t u r e s  f o r  which d a t a  
can be c o l l e c t e d .  The cho ice  of which s p e c i f i c  p r o p e r t i e s  and 
t h e i r  p r i o r i t y  w i t h i n  t h e  s tudy  a r e  de te rm ined  by t h e  
o b j e c t i v e s  of  t h e  survey .The main groups of im por tan t  f i e l d  
c h a r a c t e r i s t i c s  a r e ;  s u r f a c e  form p r o p e r t i e s ,  s u r f a c e  
m a t e r i a l  ty p e s  and c h a r a c t e r i s t i c s ,  and v e g e t a t i o n  t y p e s  and 
d i s t r i b u t i o n .
S urface  form i s  im p o r ta n t  i n  t h e  way i t  a f f e c t s  image 
c h a r a c t e r i s t i c s .  Slope a n g le  and a s p e c t  a r e  im p o r ta n t  
d e t e r m i n a n t s  of  t h e  amount of s o l a r  r a d i a t i o n  i n c i d e n t  upon 
any ground s u r f a c e .  Toge ther  w i th  th e  a f f e c t s  of  
m a c r o - r e l i e f ,  d i f f e r e n c e s  i n  m i c r o - r e l i e f  i n f l u e n c e  th e  
r e f l e c t i o n  of  i n c i d e n t  r a d i a t i o n  from any g iv e n  s u r f a c e .  Most
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s u r f a c e s  f a l l  between t h e  i d e a l  ' s p e c u l a r '  r e f l e c t a n c e  
( m i r r o r - l i k e ) and t h e  i d e a l  ' d i f f u s e '  r e f l e c t a n c e  of 
r a d i a t i o n .  Smooth s u r f a c e s  te nd  toward s p e c u l a r  r e f l e c t a n c e s  
and rough s u r f a c e s  towards  a d i f f u s e  r e f l e c t a n c e .
S u r f a c e s  may change t h e i r  c h a r a c t e r i s t i c s  w i t h  t ime ,  fo r  
example smooth c lay  s u r f a c e s  may c r a c k  and f l a k e  a s  they 
become d ry ,  t h e r e j j y  a l t e r i n g  t h e i r  r e f l e c t i v e  c h a r a c t e r .  Any 
d i f f e r e n c e s  between t ime  of imaging an  a r e a  and c o l l e c t i o n  of 
ground d a t a  must take  such f a c t o r s  i n t o  a c c o u n t .
A number of s o i l  s u r f a c e  f e a t u r e s  were r e c o r d e d ,  
i n c l u d i n g  t e x t u r e ,  s t r u c t u r e ,  and c o l o u r .  E s t i m a t e s  of 
t e x t u r e  were made in  t h e  f i e l d  by th e  s t a n d a r d  method of 
m o i s t e n in g  t h e  s o i l  and work ing  i t  between f i n g e r  and thumb. 
S t r u c t u r e  was n o t e d ,  however,  fo r  most of t h e  s tudy  a r e a  th e  
dominan tly  sandy s o i l s  were  s t r u c t u r e l e s s ,  o c c a s i o n a l l y  a t h i n  
' c r u s t '  had formed and would b reak  up i n t o  ex t re m e ly  f r a g i l e  
p l a t y  s t r u c t u r e s .  P l a t y  s t r u c t u r e s  were  a l s o  found i n  dry 
c l ay  pans .  S o i l  co lo u r  was r e c o r d e d  u s in g  a Munsell  co lou r  
c h a r t .  The s o i l  s u r f a c e  th roughou t  t h e  study r e g i o n  was 
g e n e r a l l y  dry ( e v e n  s h o r t l y  a f t e r  r a i n ) ,  t h i s  w i l l  a f f e c t  t h e  
r e f l e c t a n c e  c h a r a c t e r i s t i c  o f  t h e  s u r f a c e ,  t h e r e f o r e ,  u n l e s s  
o t h e rw i s e  s t a t e d ,  t h e  Munsell  c l a s s i f i c a t i o n s  used i n  t h i s  
s tudy  r e p r e s e n t  t h a t  f o r  ' d r y '  s o i l .  Any ev idence  of b a r e  
r o c k  s u r f a c e s  o r  o t h e r  f e a t u r e s  such as  s a l t  d e p o s i t s  or  
c a l c r e t e  o u tc ro p s  were  n o te d .  The amount of b a r e  s u r f a c e  and 
v e g e t a t i o n  cover  was e s t i m a t e d .  A d e t a i l e d  s o i l  survey 
i n c l u d i n g  a u g e r i n g  o r  e x c a v a t i o n  of  p i t s  was h o t  u n d e r t a k e n ,  
as  t h e s e  tend  t o  be t ime consuming and p ro v id e  l i t t l e  e x t r a
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i n f o r m a t i o n  on r e f l e c t a n c e  c h a r a c t e r i s t i c s .  Some d e t a i l e d  
s o i l  d a t a  was a v a i l a b l e  from p u b l i s h e d  s o u r c e s  (B u e rg e r ,  1976; 
S t a r i n g ,  1977 ) .  In t h e  c o n te x t  of th e  p r e s e n t  s tu d y ,  d e t a i l e d  
knowledge of s u r f a c e  m a t e r i a l s  become most im p o r ta n t  where 
p l a n t  cover  was in c o m p le t e .
V e g e ta t io n  ty p e s  can be c a t e g o r i s e d  i n  v a r i o u s  ways .  The 
most u s e f u l  c r i t e r i a  f o r  t h e  p r e s e n t  s tudy  were,  ' s t r u c t u r a l ' ,  
' p h y s io g n o m i c '  and ' c o m p o s i t i o n a l '  . Physiognomic c r i t e r i a  
r e f e r  t o  t h e  appearance  of communit ies  and s e p a r a t e s  groups  
such as  woodland,  g r a s s l a n d  and s c r u b .  S t r u c t u r a l  c r i t e r i a  
a r e  th o s e  concerned  w i th  t h e  a r rangem ent  of v e g e t a t i o n  i n  
space ,  t h i s  i n c l u d e s  h e i g h t ,  s i z e  of crowns and d e n s i t y  of 
c a n o p i e s .  A p r e c i s e  d e s c r i p t i o n  of  th e  p h y s i c a l  p r o p e r t i e s  of 
a p l a n t  community can be produced u s in g  th e s e  c r i t e r i a .  Data 
on s p e c i e s  c o m p o s i t io n  i s  im p o r ta n t  f o r  a number of r e a s o n s .
a)  V a r i a t i o n s  between s p e c i e s  i n  t h e i r  s p e c t r a l  
r e s p o n s e s  ( r e l a t e d  t o  d i f f e r e n c e s  i n  l e a f  s t r u c t u r e  and 
p i g m e n t a t i o n ) .
b) The p resence  of ' i n d i c a t o r '  s p e c i e s .  Many p l a n t  
s p e c i e s  occur  w i t h i n  a s p e c i f i c  range  of env i ro nm en ta l  
c o n d i t i o n s ,  and t h e i r  p resence  i s  i n d i c a t i v e  of t h e s e .  For 
example,  i n  t h e  Okavango r e g i o n ,  T e r m in a l i a  s e r i c e a  i s  
i n d i c a t i v e  of deep sands ( T i n l e y ,  196 6; Cole ,  p e r s .  comm.).
c)  The u t i l i t y  or  d i s a d v a n t a g e s  of  c e r t a i n  p l a n t  s p e c i e s  
i n  t h e  r a n g e l a n d  env i ronm en t .  For example,  th o s e  woody 
s p e c i e s  which tend  t o  encroach  on r a n g e l a n d  a t  t h e  expense  of 
g r a s s  co v e r .
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4 . 7 . 5  Ground d a t a  c o l l e c t i o n .
The c o l l e c t i o n  of  ground d a ta  f e l l  i n t o  two main c a t e g o r i e s .
F i r s t l y ,  a number of t r a n s e c t s  were used  t o  g a t h e r  d a ta  over  a
l a r g e  p a r t  of t h e  a r e a .  Secondly,  d e t a i l e d  d a t a  was c o l l e c t e d
a t  s e l e c t e d  s i t e s .  The l a t t e r  d a t a  was p r i m a r i l y  c o l l e c t e d  
f o r  a n a l y s i s  of  p a r t i c u l a r  v e g e t a t i o n  t y p e s  ( s e e  c h a p t e r s  V 
and V I ) ,  but  p ro v id e s  a d d i t i o n a l  u s e f u l  i n f o r m a t i o n  f o r  
t e r r a i n  a n a l y s i s .  F ig u re  4 .2  shows t h e  main t r a n s e c t  l i n e s ,  
and t h e  p o s i t i o n  of  t h e  s e l e c t e d  d e t a i l e d  s tudy  a r e a s .
The t r a n s e c t s  were l o c a t e d  p a r a l l e l  to  main r o a d s ,  
t r a c k s , fence  and cu t  l i n e s ,  which cou ld  be l o c a t e d  on a i r  
pho tographs  a n d / o r  t h e  1:50 000 to p o g ra p h ic  maps.  The major  
roads  and t r a c k s  were  a l s o  v i s i b l e  on L an d sa t  im ag e ry . .  The 
t r a n s e c t s  were  s e l e c t e d  t o  cover  a t  l e a s t  some p a r t  of a l l  t h e  
o r i g i n a l ,  main s u b - d i v i s i o n s  of  t h e  a r e a ,  based  on s p e c t r a l  
r e sponse  p a t t e r n s .  However, due t o  problems of  a c c e s s i b i l i t y  
and t i m e ,  t r a n s e c t s  were  not  ex tended  f a r  i n t o  t h e  Haina Veld 
o r  i n t o  t h e  r e g i o n  sou th  of T a le  Pan.
T r a n s e c t s  w ere  covered  e i t h e r  by v e h i c l e  or  on f o o t .  
D i s t a n c e s  were  r e c o r d e d  e i t h e r  by u s in g  t h e  v e h i c l e ' s  odometer  
or by p a c in g .  As d a t a  was g a t h e r e d ,  d i s t a n c e s  were logged and 
used  t o  t r a n s f e r  t h e  i n f o r m a t i o n  t o  t h e  1:50 000 base  maps. 
While lo g g in g  d a t a ,  i n f o r m a t i o n  was s im u l t a n e o u s l y  marked o n to  
a i r  p h o to g ra p h s ,  when p o s s i b l e ,  and compared w i t h  maps of  
s p e c t r a l  r e sp o n se  p a t t e r n s  p r e p a re d  from t h e  L a n d s a t  imagery.  
Faced t r a n s e c t s  proved r e a s o n a b l y  a c c u r a t e ,  s e v e r a l  t r a n s e c t s  
a t  T s e t se k u  ranch  were  paced s e v e r a l  t im es ,  t h e  g r e a t e s t
to
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d i f f e r e n c e  found ,  over  a 2 .3  k i l o m e t r e  t r a n s e c t ,  was 
a p p ro x im a te ly  1.5% or  34 .5  m e t r e s .
Both on f o o t  and by v e h i c l e ,  f r e q u e n t  s to p s  were  made to  
r e c o r d  d a t a  and t a k e  pho tog raphs ,  as  changes  i n  t h e  t e r r a i n  
were  e n c o u n t e r e d .  The ease  w i th  which i t  was p o s s i b l e  t o  
g a t h e r  d a t a  depended on th e  d e n s i t y  of woody v e g e t a t i o n ,  in  
p l a c e s  i t  was n e c e s s a ry  t o  c r e a t e  an  o f f s e t  a t  r i g h t  a n g l e s  t o  
t h e  main t r a n s e c t ,  t o  e n s u r e  a r e p r e s e n t a t i v e  a s s e s sm en t  of 
t h e  s i t e .
P r e l i m in a ry  exam ina t ion  of  e x i s t i n g  a i r  p h o to g ra p h ic  
cover  and L an d sa t  imagery sugges ted  t h a t  physiognomic changes 
in  t h e  v e g e t a t i o n  p a t t e r n s  was t h e  main f a c t o r  a f f e c t i n g  
v a r i a t i o n  in  s p e c t r a l  r e sponse  p a t t e r n s  i n  t h e  s tudy  a r e a .  
However, changes cou ld  a l s o  be a t t r i b u t e d  t o  d i f f e r i n g  
s t r u c t u r a l  c r i t e r i a ,  ( f o r  example,  s i z e  a n d / o r  sp a c in g  of  a 
canopy) , and p o s s i b l y  t o  c o m p o s i t io n a l  changes .  Exam inat ion  
of  s t e r e o  p a i r s  of  a i r  pho tog raphs  i n d i c a t e d  t h a t  t h e  
topography of t h e  a r e a  i s  u n l i k e l y  t o  d i r e c t l y  a f f e c t  s p e c t r a l  
re sponse  p a t t e r n s ,  t h e  r e g i o n  i s  g e n e r a l l y  l e v e l ,  w i th  a r e a s  
of  g e n t l e  r i s e s  and i n t e r v e n i n g  d e p r e s s i o n s .  Some changes  i n  
t h e  p a t t e r n  of s p e c t r a l  r e s p o n s e s  were  ob v io u s ly  a t t r i b u t a b l e  
t o  r e l a t i v e l y  l o c a l i s e d  phenomena, such as open  w a t e r ,  pans,  
and human s e t t l e m e n t s .
Changes i n  physiognomy of t h e  v e g e t a t i o n  was t h e r e f o r e  
t a k e n  a s  t h e  b a s i c  d i v i s i o n  of t h e  t e r r a i n  a lo n g  t h e  
t r a n s e c t s .  The physiognomic c a t e g o r i e s ,  which r e f e r  t o  t h e  
g e n e r a l  appearance  of v e g e t a t i o n ,  were q u a l i f i e d  and
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s u b - d i v i d e d  on t h e  b a s i s  of  s t r u c t u r a l  p r o p e r t i e s .  W ith in  
t h e s e  c a t e g o r i e s ,  d a ta  was r e c o rd e d  on,  v e g e t a t i o n  
c o m p o s i t io n ,  s o i l ,  topography and la n d u se .
a)  S t r u c t u r a l  p r o p e r t i e s .  Two main p r o p e r t i e s  were 
r e c o r d e d ;  an e s t i m a t e  of cover and t h e  g e n e ra l  h e i g h t  of t h e  
canopy or dominant l a y e r  of t h e  v e g e t a t i o n .  A v i s u a l  e s t i m a t e  
of cover  was made f o r  p a r t i c u l a r  l a y e r s  w i t h i n  t h e  v e g e t a t i o n  
of  any c a t e g o r y .  Cover i s  d e f in e d  a s  t h e  p r o p o r t i o n  of t h e  
ground o ccu p ied  by a p e r p e n d i c u l a r  p r o j e c t i o n  on t o  i t  of t h e  
a e r i a l  p a r t s  of  t h e  v e g e t a t i o n  type  be ing  a s s e s s e d  
(G re ig -S m i th ,  19 5 7 ) .  The f o l l o w i n g  c l a s s e s  were used  t o  
d e s c r i b e  c o v e r ;
s c a t t e r e d  (<10Z)
s p a r s e  (10 -  202)
medium (20 -  402)
dense (40 -  602)
very  dense (>602) .
Height  of t h e  canopy l a y e r  was e s t i m a t e d  i n  m e t r e s ,  and 
n o te  made of t h e  h e i g h t  of any em ergen ts ,  f o r  example,  where 
low t r e e  and sh rub  savanna o c c u r r e d ,  bo th  t h e  h e i g h t  of t h e  
s c a t t e r e d  t r e e  l a y e r  and t h e  g e n e r a l  sh rub  l a y e r  were 
r e c o r d e d .  Genera l  n o t e s  were  made of o t h e r  s t r u c t u r a l  
p r o p e r t i e s  of  i n t e r e s t ,  such as s t r a t i f i c a t i o n  and s i z e  of 
crowns.
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b) Compos i t iona l  p r o p e r t i e s .  The dominant and
sub—dominant  s p e c i e s  w i t h i n  t h e  physiognomic c a t e g o ry  were 
r e c o r d e d .  Other common s p e c i e s  were  no ted ,  i n c l u d i n g ,  where 
p o s s i b l e ,  th e  main s p e c i e s  i n  t h e  non-dominant  l a y e r s .
c)  S o i l  s u r f a c e  f e a t u r e s  r e l a t e d  t o  r e f l e c t a n c e  
c h a r a c t e r i s t i c s .  This  i n c lu d e d  t h e  f a c t o r s  d i s c u s s e d  above 
( t e x t u r e ,  s t r u c t u r e  and c o l o u r ) ,  as  w e l l  as  an  e s t i m a t e  of th e  
amount of s u r f a c e  l i t t e r  cover and b a re  s o i l .  These e s t i m a t e s  
were  c l a s s i f i e d  a s  f o l l o w s ;
ve ry  low (<10%)
low (10 -  202)
medium (20 -  402)
h ig h  (40 -  602)
very  h igh (> 6 0 2 ) .
d) Topography.  A g e n e ra l  d e s c r i p t i o n  of t h e  topography ,  
i n c l u d i n g  app ro x im a te  s lope  a n g l e s  and t h e  p e r i o d i c i t y  of dune 
c r e s t s  where they o c c u r r e d ,  were r e c o r d e d .  F u r th e r  
to p o g ra p h i c  d a t a  was a v a i l a b l e  from a i r  ph o to g rap h s .  Some 
l o c a l  i n f o r m a t i o n  d e t a i l e d  was a v a i l a b l e ,  from t h e  work of  
S t a r i n g  e t  j d ,  (1981) in  t h e  Gomare a r e a ,  and f o r  T se t seku  
r a n c h ,  where a t r a n s e c t  was l e v e l e d  a s  p a r t  of t h e  p r e s e n t  
su rvey .
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4 . 8  F i n a l  i n t e r p r e t a t i o n  and c l a s s i f i c a t i o n .
4 , 8 . 1  I n t r o d u c t i o n .
The f i e l d  da t a , t o g e t h e r  w i th  contemporaneous L a n d s a t  and 
p h o to g r a p h i c  co v e r ,  was used t o  produce th e  f i n a l  
C l a s s i f i c a t i o n .  A d d i t i o n a l  i n f o r m a t io n  was a v a i l a b l e  from 
s e v e r a l  p u b l i s h e d  and u n p u b l i s h e d  s o u rc e s  ( V e g e ta t i o n :
B uerge r ,  ( 1 9 7 6 ) ;  Cole (u n p u b l i sh e d  m a t e r i a l ) ;  Smith ,  (1976) ;  
T i n l e y ,  (1966) . S o i l s  and geomorphology: Buerge r ,  (1976 ) ;
S t a r i n g ,  (197 8 ) ;  S t a r i n g  e t  £ l . ,  ( 1 9 8 1 ) .  Other minor s ou rces  
a r e  c i t e d  i n  t h e  t e x t ) .
The p r e l i m i n a r y  c l a s s i f i c a t i o n ,  of t h e  L an d s a t  imagery ,  
p roduced  n in e  broad  s u b - d i v i s i o n s  of  th e  s tudy a r e a .
Subsequent  i n t e r p r e t a t i o n  and c l a s s i f i c a t i o n ,  based  on t h e  
1983 d a t a ,  reduced  t h e  number to  e i g h t .  One of th e  o r i g i n a l  
s u b - d i v i s i o n s  be ing  s u b - o r d i n a t e d  w i t h i n  a n o t h e r .
To a v o id  c o n f u s io n  w i th  o t h e r  c l a s s i f i c a t i o n s ,  t h e  
f o l l o w i n g  te rm s  a r e  a p p l i e d .  The main s u b - d i v i s i o n s  ( t h o s e  
a r e a s  p o s s e s s i n g  i n t e r n a l l y  common a t t r i b u t e s ,  and d i f f e r i n g  
from th o s e  of a d j a c e n t  a r e a s ) ,  a r e  termed " t e r r a i n  t y p e s " .
The component p a r t s  of  a t e r r a i n  t y p e ,  which form i t " s  "common 
a t t r i b u t e s " ,  a r e  termed " t e r r a i n  components" .  A t h i r d  c l a s s ,  
i n t e r m e d i a t e  t o  t h e  o t h e r s ,  i s  te rmed a " t e r r a i n  s u b - t y p e " ,  
( t h i s  o n ly  o c c u r r e d  w i t h i n  t h e  t e r r a i n  type " K a la h a r i  
s a ndve ld")  .
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The t e r r a i n  t y p e s  a r e  d e s c r ib e d  below. W i th in  t h e s e ,  th e  
main c l a s s i f i c a t i o n  i n t o  t e r r a i n  components, i s  on t h e  b a s i s  
of  v e g e t a t i o n  physiognomy and s t r u c t u r e .
A l l  r e f e r e n c e  t o  L andsa t  image c h a r a c t e r i s t i c s  r e f e r  to  
c o n v e n t io n a l  co lou r  com pos i te s ,  g e n e ra te d  from th e  1983 d a t a ,  
u n l e s s  s t a t e d  o t h e r w i s e .  F igu re  4 .3  shows imagery of t h e  
whole s tudy a r e a  (May 1983) .
Areas of  human s e t t l e m e n t ,  f i e l d s  and roads  a r e  e v id e n t  
from t h e  imagery .  These a r e  c h a r a c t e r i s t i c a l l y  w h i te  t o  v e ry  
p a l e  blue on co lour  com pos i te s .  These f e a t u r e s  occur  
th roughou t  much of t h e  s tudy a r e a ,  they a r e  only  d i s c u s s e d  
where they occur  as an  im p o r ta n t  p a r t  of a t e r r a i n  type  or 
component.
P a r t i c u l a r  c o l o u r s  and to n e s  a r e  r e p e a t e d  i n  more th a n  
one t e r r a i n  t y p e .  These can o f t e n  be d i s t i n g u i s h e d  from one 
a n o t h e r  on t h e  b a s i s  of  p a t t e r n ,  shape ,  and l o c a t i o n  w i th  
r e g a r d  t o  o t h e r  scene components.  For example t h e  s p e c t r a l  
r e s p o n s e s  of  a r a i n  pan can be b ro ad ly  s i m i l a r  t o  a n  a r e a  of 
human s e t t l e m e n t ,  as  seen  on a c o lo u r  composi te  image ( p a l e  
b lue t o  w h i t e ) .  However, v a r i o u s  d i a g n o s t i c  f e a t u r e s  can be 
used t o  v i s u a l l y  d i s t i n g u i s h  between t h e  two; s e t t l e m e n t s  
r a r e l y  d i s p l a y  a d i s t i n c t  boundary w i th  su r ro u n d in g  a r e a s ,  
t r a c k a  and roads  may be seen  t o  converge on t h e  a r e a ,  t h e  
"component" i s  o f t e n  m o t t l e d  w i th o u t  any r e g u l a r  p a t t e r n  
i n t e r n a l l y ,  w h i l e  pans  o f t e n  have a d i s t i n c t  boundary ( i n  many 
c a s e s  w i t h  dense woody f r i n g i n g  v e g e t a t i o n ) ,  and d i s p l a y  a 
c o n c e n t r i c  p a t t e r n i n g ,  o c c a s i o n a l l y  w i th  a d a rk e r  a r e a  i n  t h e
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Fig. 4.3 Landsat  co lour com pos i te  of the study area (May 19833.
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c e n t r e  of t h e  pan ( r e l a t e d  t o  c lay  a c c u m u la t io n ) .
4 . 8 . 2  T e r r a i n  t y p e s .
In t h e  f o l l o w i n g  s e c t i o n ,  t h e  o r d e r  i n  which t h e  t e r r a i n  
t y p e s  a r e  d e s c r i b e d  i s  based  on a g r a d i e n t ,  from ty p e s  which 
a r e  a n n u a l l y  inunda ted  by t h e  w a t e r s  of  t h e  Okavango system, 
to  d r y l a n d  ty p e s  which r e c e i v e  a l l  t h e i r  m o i s t u r e  a s  r a i n f a l l .
The f o l l o w i n g  t e r r a i n  t y p e s  were  i d e n t i f i e d  ( t h e  
p r o v i s i o n a l  c l a s s e s  i n t o  which th e se  were  c l a s s i f i e d ,  a r e  
g i v e n ) .  The t e r r a i n  ty p e s  a r e  shown i n  f i g u r e  4 . 4 .
a)  Lower D e l t a  Overflow P l a i n s  ( c l a s s  1 ) .
Th is  " type"  c o n s i s t s  o f  two main e l e m e n t s ;  wide g r a s s  
covered  ove r f low  p l a i n s  ( f r e e  from woody v e g e t a t i o n ) ,  seen  on 
Lan d sa t  imagery as a d i v e r g i n g  and converg ing  p a t t e r n  of  
i n t e r c o n n e c t i n g  f l o o d p l a i n s ,  a l t e r n a t i n g  w i th  low i s l a n d s .
The i s l a n d  f r i n g e  i s  o f t e n  marked by a narrow zone of dense 
woodland,  ( s e e  f i g .  4 . 5 ) ,  which i n d i c a t e s  t h e  upper l i m i t  of 
f l o o d i n g  d u r in g  normal y e a r s  ( t h e  i s l a n d s  may be in u n d a te d  
d u r in g  ex t rem e c o n d i t i o n s ) . T h e  f l o o d p l a i n s ,  known l o c a l l y  as 
"melapo" ( s i n g u l a r  -  "m olapo") ,  a r e  c h a r a c t e r i s e d  by f l o o d i n g  
f o r  a t  l e a s t  p a r t  of t h e  y e a r .  They vary  between 100 and 
1000m w ide ,  and a r e  f l a t  t o  g e n t ly  u n d u l a t i n g .  The bou n d a r ie s  
between t h e  two e l e m e n t s  can c l e a r l y  be d e l i n e a t e d  on L andsa t  
imagery .
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Fig. 4.4 Terrain T y p e s  (final c la ss if icat ion}.
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Fig. 4.5 Floodplains and islands, Gomoti  area.
1 0 6
Water r e a c h e s  t h e  over f low p l a i n s  a long  a ne twork  of  
c h a n n e l s .  Between Maun and Shorobe,  t h e  main channe ls  a r e  th e  
Boro,  S a n t a n t a d i b e , Gomoti and Boroyana ,  F lood ing  o c c u r s  
d u r in g  two annua l  peaks .  A major  peak o c c u r s  between August  
and Sep tember ,  a s  t h e  w a t e r s  e n t e r i n g  t h e  d e l t a  v i a  t h e  
Okavango,  reach  t h e  lower  d e l t a .  These w a t e r s  a r e  c o l l e c t e d  
i n  t h e  Angolan Highlands  catchment a r e a  d u r in g  t h e  p r e v io u s  
r a i n y  s e a s o n ,  on ly  r e a c h in g  t h e  lower  d e l t a  a t  t h e  end of  t h e  
dry s ea s o n .  A minor  peak o c c u r s  i n  March, when l o c a l  r a i n f a l l  
ove r  t h e  d e l t a  c a u s e s  a r i s e  i n  w a t e r  l e v e l s .  Flood l e v e l s  
v a ry  c o n s i d e r a b l y  between y e a r s .  During t h e  p e r i o d  1974 -  79 ,  
h igh  f l o o d  l e v e l s  d i s r u p t e d  f a rm in g ,  w a te r  l e v e l s  f a i l i n g  t o  
d rop  s u f f i c i e n t l y  fo r  p lo u g h in g .
Th is  t e r r a i n  type  i s  co n f in e d  a t  i t s  s o u t h - w e s t e r n  edge 
by t h e  S a n d v e l t  Tongue,  a r i d g e  of s l i g h t l y  h ig h e r  l a n d  (a 
number of s m a l l e r  r i d g e s  a l s o  e x t e n d in g  i n t o  t h i s  c l a s s ) ,  and 
a t  i t s  e a s t e r n  m a rg in ,  by t h e  Thamalakane f a u l t . T h e  melapo 
w es t  of t h e  Kunyere f a u l t  a r e  t y p i c a l  b r a i d e d ,  b roaden ing  o u t  
tow ards  t h e  d i s t a l  end of  t h e  d e l t a .  P a t t e r n s  a r e  d e t e c t a b l e  
from t h e  im agery ,  both i n  t h e  melapo and i s l a n d s ,  t h a t  sugges t  
changes  i n  channe l  f low in  t h i s  a r e a  over  t im e .  Between t h e  
Thamalakane and Kunyere f a u l t s ,  t h e  p a t t e r n  of  t h e  melapo 
t a k e s  on a t r e l l i s - l i k e  form. T h i s  i s  p robab ly  due t o  t h e  
p r e s e n c e  of o ld  dune f e a t u r e s  which d i c t a t e  t h e  p a t t e r n  of  
f low ( o r i e n t a t e d  e a s t - w e s t ) .
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Seasona l  d i f f e r e n c e s  i n  ground c o n d i t i o n s  a r e  r e f l e c t e d  
i n  t h e  L a n d s a t  imagery .  Imagery a c q u i r e d  d u r in g  t h e  peak 
f l o o d  p e r i o d  shows t h e  e x t e n t  of th e  melapo a r e a s  ex t re m e ly  
w e l l .  The f l o o d e d  a r e a  i s  seen  a s  b l a c k  on a c o n v e n t io n a l  
f a l s e  c o lo u r  image,  w i th  t h e  f r i n g i n g  woodland,  a  b r i g h t  r e d ,  
t y p i c a l  of h e a l th y  g reen  v e g e t a t i o n .  However, some melapo 
a r e a s  may remain  dry d u r in g  y e a r s  of  low flow in  t h e  d e l t a .
For example,  an image f o r  September 1972 ( f i g .  4 . 6 a ) ,  shows a 
l a r g e  number of dry melapo d u r in g  t h e  peak p e r i o d .  However, 
a f t e r  s e v e r a l  y e a r s  of  h ig h e r  r a i n f a l l ,  f l o o d i n g  of  a l l  t h e  
melapo be tween Maun and Shorobe o c c u r r e d ,  as  s een  on t h e  
August  197 5 image ( f i g ,  4 . 6 b ) ,  The d i f f e r e n c e  between t h e  
low es t  p o i n t s  o f  t h e  Hazanga molapo (25 km n o r t h - e a s t  of 
Maun) and t h e  t r e e - l i n e  i s  i n  t h e  range  of 1 .5  t o  2 .5  m e t r e s ,  
and a s lo p e  a n g l e  of between 0 and 3% ( S t a r i n g  e_t a l . ,  1 9 8 1 ) .
i )  S e m i - a q u a t i c  v e g e t a t i o n  i n  ephemeral  ch a n n e l s  and 
p o o l s .  The g r a s s ,  H iscan th id ium  sp.  ( p o s s i b l y  _M. t e r e t i f o l i u m  
( T i n l e y ,  1966))  and  t h e  r e e d ,  P h ra gm i t e s  m a u r i t a n u s .  occupy 
t h e  c e n t r a l  p a r t  of t h e  f b o d p l a i n s ,  where w a t e r  rem ains  f o r  
t h e  l o n g e s t  p a r t  of t h e  y e a r  (b o th  occupy sha l low  f looded  
s i t e s  i n  t h e  p e r e n n i a l  swamps of  t h e  upper  d e l t a  (Smith ,  
1 9 7 6 ) ) .  The two s p e c i e s  t o t a l l y  dominate t h e  channe ls  and 
ephem era l  p o o l s ,  and where  t h e s e  a r e  of s i g n i f i c a n t  s i z e ,  fo r  
example t h e  S a n t a n t a d i b e  c h a n n e l ,  they can be d i f f e r e n t i a t e d  
from t h e  r e s t  of t h e  f l o o d p l a i n  a s  a b r i g h t  r e d  co lo u r  on 
Landsat im agery .  The cover  produced  by t h e  two s p e c i e s  i s  
g e n e r a l l y  very  dense .  The s i t e s  they  occupy a l low t h e  p l a n t s  
t o  r em a in  g r e e n  and h e a l t h y  th roughou t  much of t h e  y e a r .  Both
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Fig. 4.6a Landsa t  co lour composi te, Maun-Gomoti  area 
[September 19723.
Fig. 4.6b Landsa t  co lour composi te , Maun-Gomot i  area 
[August 19753.
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Mi sea n th  i d i  urn sp.  and _P^ . m au r i tanus  a r e  broad b laded  le aved  
s p e c i e s ,  and t o g e t h e r  w i th  th e  h igh  d e n s i t y  of p l a n t s ,  t h i s  
c o n t r i b u t e s  t o  t h e  b r i g h t  r e d  co lou r  seen on t h e  composite  
image (h igh  r e f l e c t a n c e  re sponse  i n  MSS band 7, low 
r e f l e c t a n c e  i n  MSS band 5 due to  h igh  c h l o r o p h y l l  a b s o r p t i o n ) .  
The s o i l s  of  t h i s  component a r e  c layey  sands ,  w i th  a l a rg e  
amount of f i n e  o rg a n ic  d e b r i s  in t e rm i x e d  a t  th e  s u r f a c e .
i i )  F lo o d p l a i n  g r a s s l a n d .  A number of sedges 
(Cyperaceae)  and g r a s s e s  occupy t h e  f l o o d p l a i n .  The dominant 
g r a s s  s p e c i e s  i s ,  Cynodon d a c t v lo n .  which occu rs  th roughou t  
t h e  f l o o d p l a i n .  Grass  cover i s  g e n e r a l l y  medium t o  dense.
The s o i l s  of  th e  f l o o d p l a i n  va ry  in  t h e i r  c l a y , s i l t  and 
o r g a n i c  m a t t e r  c o n t e n t ,  a c r o s s  t h e  s e c t i o n  of t h e  molapo.  The 
lower p a r t s  ( f l o o d e d  f o r  t h e  l o n g e s t  p e r io d )  a r e  h i g h e r  i n  
c l a y ,  s i l t  and n u t r i e n t s ,  and a r e  t r a d i t i o n a l l y  favoured  f o r  
c u l t i v a t i o n  ( S t a r i n g  e t  ^ . ,  19 8 1 ) .  Sandy s o i l s  a r e  found on 
h i g h e r  ground,  which i s  l e s s  f r e q u e n t l y  f lo o d e d .  These a r e  
o f t e n  a l k a l i n e  and u n c u l t i v a t e d .  In  a s s o c i a t i o n  w i t h  Ç. 
d a c ty I o n , t h e  g r a s s  Panicum r e pens i s  found on t h e  lower 
ground,  and Digi t a r i a  m i l a n -j iana  and E ra gr o s t i s  s u p e r b a . on 
t h e  s a n d i e r  s o i l s .  The s p e c t r a l  r e s p o n s e s  v a ry  fo r  t h i s  zone,  
from d a rk  blue or g re e n -g re y  n e a r  th e  channe ls  t o  medium grey 
nea r  th e  i s l a n d s ,  when g r a s s  cover  i s  low er .  S o i l  co lour  i s  
d a r k e r  a t  lower  l e v e l s  (M unse l l ;  lOYR 4 /1  ( d a rk  g r e y ) ) ,  and 
more r e f l e c t i v e  h ig h e r  up t h e  p r o f i l e  (lOYR 5 . 5 / 1  ( g r e y ) ) .  
However, f o l l o w i n g  f l o o d  r e c e s s i o n ,  h e a l th y  g reen  g r a s s  cover 
i s  s een  as  p a l e  r e d  o r  p in k .  The s p e c t r a l  r e s p o n s e s  of the  
v e g e t a t i o n  i s  a f f e c t e d  by th e  background s o i l  r e f l e c t a n c e s .
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t h e r e f o r e  th e  v e g e t a t i o n  r e sp o n se  i s  no t  as  s t r o n g  a s  f o r  the  
p r e v io u s  component.  The s p e c i e s  a r e  v a r i e d  i n  terms of l e a f  
s t r u c t u r e ,  _C. d a c ty Ion and D. m i la n i iana a r e  r e l a t i v e l y  narrow 
l e a v e d ,  w h i le  th e  o t h e r  two s p e c i e s  a r e  broad  l e a v e d .  When 
in u n d a te d ,  th e  melapo a r e  seen  as  b la ck ,  the  t y p i c a l  response  / 
of c l e a r  w a te r  b o d ie s .
The g r a s s l a n d  i s  o f t e n  b u r n t ,  t o  promote f r e s h  growth,  
t h i s  can be seen  on t h e  imagery as dark  grey-brown p a t c h e s .
The wind d i r e c t i o n  a t  th e  t ime of bu rn ing  can be e s t i m a t e d
from t h e  shape of t h e  burn s c a r .
i i i )  Lagoons. A few permanent  bod ie s  of  w a te r  e x i s t  a s  
l a g o o n s ,  t h e s e  a r e  e v i d e n t  on t h e  imagery as a r e a s  of  b la c k .  
The v e g e t a t i o n  su r ro u n d in g  t h e s e  can be c l a s s i f i e d  under 
component ( i ) ,  and i s  u s u a l l y  dominated by very  dense r e e d  
beds ,  ( £ .  m a u r i t a n u s ) ( f i g .  4 . 7 ) .  Lagoons a r e  an  im p o r tan t
source  of w a te r  f o r  l i v e s t o c k  i n  t h e  a r e a  between Maun and
S horobe .
iv )  F r i n g i n g  woodland.  A f r i n g e  of ve ry  dense woodland 
g e n e r a l l y  marks t h e  maximum l i m i t  of f l o o d i n g .  The woodland 
c o n t a i n s  a l a r g e  number of s p e c i e s ,  i m p o r t a n t ly ,  F i eus
s y camorous . Hyphaene v e n t r i c o s a , G a r c in i a  l i v i n gs t o n e i . and 
Lonchocarpus ca pa s sa ( f i g .  4 . 8 ) .  The palm, H. v e n t r i c o  s a , i s  
c h a r a c t e r i s t i c  of  t h i s  component.  I t  grows up t o  about  20 m, 
and o f t e n  o c c u r s  a s  an  emergent  above canopy l e v e l  (abou t  10 
to  15 m) . The s o i l s  of t h i s  component (and t h e  i s l a n d s  i n  
g e n e r a l ) ,  a r e  e x c e s s i v e l y  d r a in e d  f i n e  sands w i th  weak 
development of s t r u c t u r e  and h o r i z o n s .  These a r e  a r e
I l l
Fig. 4.7 Phragmites mauritanus, lagoon near Gomoti.
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Fig. 4.8 Grass covered f loodplain and dense fringe woodland,  
Gomot i area.
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c l a s s i f i e d  a s  ' c a l c a r i c  r e g o s o l s '  (FAO system) by S ta r i n g  
( 1 9 7 8 ) .  The woodland i s  v e ry  c h a r a c t e r i s t i c a l l y  seen  on th e  
L andsa t  images as  d a rk  r e d  (w i th  some small  m o t t l e s  of b r i g h t  
r e d ) ,  and h a s  a very  d i s t i n c t  boundary with  o th e r  components.  
This  s p e c t r a l  re sponse  i s  t h e  r e s u l t  of high a b s o r p t i o n  i n  MSS 
band 5 and h igh  r e f l e c t a n c e  i n  MSS band 7.  This  i s  due t o  a 
number of f a c t o r s ;  t h e  p resence  of s p e c i e s  w i th  long ,  broad ,  
rounded ,  g e n e r a l l y  e n t i r e  l e a v e s  ( l e a f  l e n g t h s  up t o  15 cm _ ( ^  
ca pa s sa . F. sy camorous ) ) .  dense c a n o p ie s ,  and v ig o ro u s  
c h l o r o p h y l l  a b s o r p t i o n  a s s o c i a t e d  w i th  r e l a t i v e l y  good 
m o i s t u r e  c o n d i t i o n s .  The woodland f r i n g e  v a r i e s  i n  w id th ,  
between 50 and 200 m.
v) I s l a n d  g r a s s l a n d  and s c ru b .  W i th in  t h e  i s l a n d s ,  th e
woodland g iv e s  way to  sp a r s e  t o  medium shrub cover  (1 .5  t o  2.5
m h igh )  and some low s c a t t e r e d  t r e e  cover ,  th e  dominant
s p e c i e s  i n c lu d e  v a r i o u s  A cac ia  s p p . . Combretum s p p . , and
D ichyos tachy 8 c i n e r e a . The palm H.v e n t r i c o  sa i s  a l s o  found i n  
the
shrub  form. In^very  c e n t r e  of th e  l a r g e r  i s l a n d s ,  t h e  shrubs 
and t r e e s  a r e  r e p l a c e d  by s p a r s e  to  medium g r a s s  cover 
(Cynodon dac ty  Ion or  Sporobo lus  s p i c a t u s ) . V e g e ta t io n  cover 
i s  o f t e n  low, and t h e  s p e c t r a l  r e sponse  p a t t e r n s  a r e  medium t o  
p a l e  b lue and g rey ,  dominated by th e  h igh  r e f l e c t a n c e  of th e  
sandy s o i l s  (M unse l l ;  lOYR 8 /1  ( w h i t e ) ,  lOYR 7 /2  ( l i g h t  
g r e y ) ) .  Where v e g e t a t i o n  cover  i n c r e a s e s ,  t h e  tones  a r e  
d a r k e r .  In  compar ison w i th  t h e  f r i n g i n g  woodland s p e c i e s ,  t h e  
woody s p e c i e s  found w i t h i n  t h e  i s l a n d s  a r e  g e n e r a l l y  smal l  
l e a v e d ,  Combr etum s p e c i e s  v a ry  from about  2 t o  5 cm in  l e n g th  
(ob long  o r  e l l i p t i c  l e a v e s ) ,  t h e  A cacias  and D. c i n e r ea have
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f e a t h e r y ,  b i p i n n a t e  l e a v e s ,  each pinna having many p a i r s  of 
sm al l  l e a f l e t s  ( in  t o r  t i l  i s . a common s p e c i e s ,  th e  
l e a f l e t s  v a ry  in  s i z e  from 0 .5  to  3 mm). The c o lo u rs  of th e  
l e a v e s  a r e  g e n e r a l l y  p a l e  g reens  and g r e y - g r e e n s .  These 
f a c t o r s ,  t o g e t h e r  w i th  lower v e g e t a t i o n  cover th a n  t h e  f r i n g e  
woodland and ,  p o s s i b l y ,  lower pho to  s y n t h e t i c  a c t i v i t y  due to  
l e s s  f a v o u r a b l e  m o i s t u r e  c o n d i t i o n s ,  r e s u l t  i n  h ig h e r  
r e f l e c t a n c e s  i n  MSS bands 4 and 5 fo r  t h i s  component.
Colophospermurn mopane i s  found l o c a l l y ,  as  woodland,  on 
some of t h e  l a r g e r  i s l a n d s  n e a r  to  t h e  e a s t e r n  marg in  of  t h e  
t e r r a i n  ty p e .  I t  forms smal l  s c a t t e r e d  p a t c h e s  and i s  no t  
e a s i l y  d i s t i n g u i s h e d  a s  s e p a r a t e  from t h i s  component, on t h e  
im agery .  Leaf shape,  s i z e  and p ig m e n ta t i o n  of t h e  dry land 
s p e c i e s  d i f f e r  form those  a s s o c i a t e d  w i th  th e  f l o o d p l a i n  
f r i n g e s ,  and w i l l  a l s o  a f f e c t  s p e c t r a l  r e s p o n s e s .
v i )  P ans ,  Rain pans occur  i n  t h e  c e n t r e  of some of th e  
i s l a n d s ,  u s u a l l y  devoid  of  any v e g e t a t i o n ,  they a r e  seen  as  
b r i g h t  w h i t e  or  very,  p a l e  blue a r e a s  on t h e  imagery ,  th e  
r e s u l t  of h igh  l e v e l s  of  r e f l e c t a n c e  re s p o n s e  i n  a l l  bands .  A 
t h i n  c r u s t  of p r e c i p i t a t e d  s a l t  may occur  on some pan 
s u r f a c e s .
b) R i v e r i n e  Zone ( c l a s s  2) .
Th is  t e r r a i n  type  c o n s i s t s  of th e  main d ra inage  channe ls  
a t  t h e  d i s t a l  end of  th e  d e l t a  (Thamalakane,  Shash i ,  Xotego,  
B o t e t i ,  Kunyere and Nghabe),  and a s s o c i a t e d  f l o o d p l a i n s .  The 
Thamalakane R ive r  can be seen on t h e  imagery i n  f i g u r e  4 . 6 .
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The Thamalakane and Kunyere f a u l t s  r e u n i t e  most of the  
ch an n e ls  of th e  lower d e l t a  to  form th e  Thamalakane and 
Kunyere r i v e r s .  The Kunyere d i s c h a r g e s  i n t o  t h e  Lake Ngami 
b a s i n ,  and t h e  Thamalakane i n t o  t h e  B o t e t i  R ive r .  The 
T ham a la kane /B o te t i  system i s  s u p p l i e d  main ly  by t h e  Boro River  
(Wilson and D ince r ,  1 9 7 5 ) . The B o t e t i  i s  t h e  main ou t f low  for  
t h e  d e l t a ' s  w a t e r s ,  however, i t  r e c e i v e s  only  some two p e rc e n t  
(0 .3  X 10  ^ cub ic  m e t r e s  per  annum) of  t h e  t o t a l  in f low to  t h e  
d e l t a .  The Nghabe, which f lows i n t o  Lake Ngami, depends on 
o v e r s p i l l  from t h e  B o t e t i  a t  h igh  f l o o d  l e v e l s .  Even th e n  
w a te r  may no t  r e a c h  th e  l a k e .
The f l o o d p l a i n s  a r e  g e n t l y  s lo p in g  i n  c r o s s  s e c t i o n ,  w i th  
meander ing  c e n t r a l  c h a n n e l s .  The upper l i m i t  of normal 
f l o o d i n g  i s  marked by dense woodland ( f i g .  4 . 9 ) .  The r i v e r s  
f low over  K a la h a r i  sands ,  in  p l a c e s  e n c o u n t e r in g  d e p o s i t s  of 
c a l c r e t e  or  s i l c r e t e .  Where t h i s  happens t h e  d i s t i n c t  channel  
form i s  o f t e n  l o s t ,  t h e  w a te r  f low ing  o ve r  t h e  d e p o s i t ,  
p o s s i b l y  c r e a t i n g  a p l a t f o r m ,  as  a t  Samadupi D r i f t .  
O c c a s io n a l ly  t h e  r i v e r s  cu t  th rough  , forming smal l  cl  i f f - l i k e  
f e a t u r e s ,  f o r  example sou th  of Maun, where s t e e p  f e a t u r e s  
abou t  5 t o  6 m high have  been formed.
The z o n a t i o n  of t h e  v e g e t a t i o n  i n  t h i s  u n i t  i s  b road ly  
s i m i l a r  t o  t h a t  of th e  overflow p l a i n s .
This  t e r r a i n  type  i s  v e ry  d i s t i n c t  from those  b o rd e r in g  
i t ,  i n  te rm s  of  t h e  s p e c t r a l  re sponse  p a t t e r n s .
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Fig. 4.9 Thamalakane River, Maun.
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i )  S e m i -a q u a t i c  v e g e t a t i o n  i n  ephemeral  channe ls  and 
p o o l s .  P. m a ur i tanus  i s  im p o r tan t  i n  t h i s  component 
(M iscan th id ium sp.was  no t  p r e s e n t  a t  s i t e s  v i s i t e d ,  t h i s  is 
conf irmed by Smith (197 6 ) ) ,  found ma in ly  where poo ls  form in  
t h e  deeper  p a r t s  of t h e  r i v e r  c hanne ls ,  where w a te r  i s  
r e t a i n e d  f o r  t h e  l o n g e s t  p a r t  of t h e  y e a r .  The r e e d  beds 
g e n e r a l l y  form very  dense cover  and a r e  d i s t i n c t  on t h e  
L a n d s a t . i m a g e r y ,  as  a r e a s  of  v e ry  b r i g h t  r e d .  The f a c t o r s  
c o n t r i b u t i n g  t o  t h e  s p e c t r a l  r e s p o n s e s  of  t h i s  component a r e  
th e  same a s  th o s e  f o r  component i )  of t e r r a i n  type a ) .  
Otherwise th e  c e n t r a l  channe ls  a r e  g e n e r a l l y  f r e e  of 
v e g e t a t i o n ,  t h e  beds o f t e n  c o n s i s t  of b a r e  sand,  w i th  very 
h igh r e f l e c t a n c e s  (lOYR 7 /1  ( l i g h t  g r e y ) ) ,  seen  as  w h i t e  or 
v e ry  p a l e  b lue on t h e  imagery.
i i )  F lo o d p l a i n  g r a s s l a n d .  The f l o o d p l a i n  g r a s s  
community i s  s i m i l a r  t o  t h a t  f o r  ( a , i i ) ,  dominated by
C. dac ty  I o n . The f l o o d p l a i n s  a r e  h e a v i l y  g razed  and t h e  r i v e r s  
used  a s  a source  of w a te r  f o r  s t o c k /  t h i s  has  l e d  t o  l o s s  of 
v e g e t a t i o n  cover ,  and t o  some s o i l  e r o s i o n .  The p a l e  sandy 
s o i l s  (lOYR 7 /3  (ve ry  p a l e  brown) t o  lOYR 8 /1  ( w h i t e ) )  which 
a r e  exposed can  be seen  on t h e  imagery as w h i t e  or v e ry  p a l e  
b lue  p a t c h e s .  Bare s o i l  was g e n e r a l l y  low, because of medium 
t o  h igh  l i t t e r  and dry g r a s s  cover ,  g iv in g  a medium t o  dark  
g r e y - b l u e  r e s p o n s e .  The l a r g e  amount of dead o rg a n ic  m a t t e r  
c o n t r i b u t e d  t o  keep ing  r e f l e c t a n c e s  i n  a l l  bands lower than  
t h a t  which would have r e s u l t e d  from t o t a l l y  b a r e  s o i l .
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i i i )  F r i n g i n g  woodland.  This  i s  s i m i l a r  i n  form to  
( a , i v ) ,  but  l e s s  s p e c i e s  r i c h .  Species  which had been 
s u b - o r d i n a t e ,  now dominate,  Croton mega l o b o t r y s .  Combretim 
im berbe , Acac ia  s p p . .  This  i s  c h a r a c t e r i s t i c  of d r i e r  
c o n d i t i o n s  t h a n  th o se  of th e  lower d e l t a  overf low p l a i n s .  
S evera l  of th e  s p e c i e s  found i n  t h e  f r i n g e  woodland,  a r e  a l s o  
found i n  t h e  d r i e r  ' s a n d v e ld '  a r e a s  ( Lonchocarpus n e l s i i .  
Grewia s p p . , Combretum im berbe, Aca c i  a s p p . ) . This  component 
i s  seen  a s  d a rk  r e d  ( g e n e r a l l y  d a rk e r  th a n  t h a t  of ( a , iv)  ) .
The canopy v a r i e s  between 8 and 12 m e t res  h ig h ,  and cover i s  
u s u a l l y  very  dense .  Although t h e  p r o p o r t i o n  of small  le aved  
s p e c i e s  i s  h i g h e r  i n  t h i s  component,  a number of t h e  dominant 
s p e c i e s  a r e  s t i l l  l a rg e  l e av ed  (eg .  C. mega l o b t r y s .  up t o  20 
cm long ,  o v a t e ) .
c) Lake F lo o d p la in  ( c l a s s  3 ) .
Lake Ngami i s  one of t h e  t e rm in a l  s inks  f o r  the  w a te r s  of 
t h e  d e l t a ,  ( t h e  o t h e r s ,  t h e  Makgadikgadi and Mababi 
d e p r e s s i o n s ,  occur  o u t s i d e  t h e  study  a r e a ) .  The lake  i s  
s u b j e c t  t o  w id e ly  f l u c t u a t i n g  w a t e r  l e v e l s .  Inflow from th e  
Nghabe and Kunyere channe ls  i s  u n c e r t a i n .  The lake  l i e s  
w i t h i n  a b a s in  of about  220 square  k i l o m e t r e s .  The lake  was 
f o rm e r ly  much g r e a t e r  i n  e x t e n t  (Cooke, 1 9 7 6 ) .Evidence of 
a n c i e n t  s h o r e l i n e s  can be seen on t h e  L andsa t  imagery.
Changes i n  v e g e t a t i o n  p a t t e r n s  i n d i c a t e  t h e s e  f e a t u r e s ,  images 
w i th  h igh  r e f l e c t a n c e s  from h e a l th y  g reen  v e g e t a t i o n  show 
th e s e  f e a t u r e s  a s  more marked (January  197 3, May 1 9 7 6 ( f ig .  
4 . 1 0 ) ) .  The b e s t  d i s c r i m i n a t i o n  i n  a s i n g l e  MSS band,  was 
from band 7 .  Band r a t i o s  ( i n c l u d i n g  7 / 5 ) ,  d id  n o t  i n c r e a s e
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Fig. 4.10 Landsat colour composite, Lake Ngami [May 19763.
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th e  v i s u a l  d i s c r i m i n a t i o n  of the se  f e a t u r e s .
The maximum depth  of th e  lake  i s  about  3.5m when f u l l  
(Wil son  and D ince r ,  1976) .  The lake  i s  p e r i o d i c a l l y  dry ,  most 
r e c e n t l y  in  1951 , 1973-74,  and 1983 . The w a te r s  of th e  lake 
a r e  e a s i l y  i d e n t i f i a b l e  a s  b l a c k ,  or when t h e  lake  has  
c o n t r a c t e d  and i s  sha l low ,  as medium t o  d a rk  g r e y - b lu e .  In 
t h e  case of t h e  September 197 2 image, d e n s i t y  s l i c i n g  (MSS 
band 5) of  th e  sha llow lake  a r e a  p ro v id e s  an  i n d i c a t i o n  of  the  
la k e  bed topog raphy .  The s o u th e rn  end of  t h e  lake  ap p ea r s  t o  
be d e e p e r ,  a s m a l l e r  a r e a  r u n s  p a r a l l e l  to  t h e  long  a x i s  of 
t h e  l a k e  v e ry  c l o s e  t o  i t s  n o r th -w e s t  edge,  appea r ing  t o  s lope 
g e n t l y  upwards t o  t h e  s o u th e r n  s i d e .  A i r  pho tographs  of th e  
dry lake  (1983) show a channel  f e a t u r e  runn ing  a long  t h e  
l a t t e r  of t h e  deep a r e a s ,  and t h i s  seems t o  be l i n k e d  t o  t h e  
main in f lo w  from t h e  p r e s e n t  r i v e r s .  The evidence of th e  
Thoage system s u g g e s t s  t h a t  in f low  was p r e v io u s l y  f u r t h e r  
s o u th .
i)  G ras s lan d  of t h e  lake  marg in  and supply  ch an n e ls .
Th is  v a r i e s  w i t h  t h e  e x t e n t  of f l o o d i n g ,  and c o n s i s t s  main ly  
of t h e  g r a s s  Ech inoch loa  sp.  , t o g e t h e r  w i th  (a  semi-woody 
p l a n t )  S e s b a n ia  s p . , a t  t h e  l a k e  marg in ,  w i th  s p e c i e s  of  t h e  
g e n e ra  E r a g r o s t i s  and E c h in o c h lo a . dominant a long  t h e  
c h a n n e l s .  Pea t  type d e p o s i t s  have been found i n  t h e  b a s in  
( S t a r i n g ,  1978 ) ,  however th e  s o i l s  a r e  g e n e r a l l y  dark  grey 
sandy loams o r  c l a y s  o v e r l y i n g  l i g h t  grey ( n o n - c a l c a r e o u s )  
s a n d s .  The c o n s t a n t l y  changing m arg ins  of th e  lake  make i t  
d i f f i c u l t  t o  d e l i n e a t e  t h i s  component. I t  i s  v i s i b l e  on t h e  
imagery as a b r i g h t  r e d  f r i n g e  to  t h e  la k e  and a r e a  of the
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supply  c h a n n e l s .  The s p e c i f i c  c o n d i t i o n s  caus ing  t h e  s p e c t r a l  
r e sponse  p a t t e r n s  e v i d e n t  on t h e  v a r i o u s  images i s  d i f f i c u l t  
t o  a s c e r t a i n  because of the  c o n s t a n t l y  changing environment of 
t h e  la k e  b a s in  d u r in g  t h e  p e r i o d .  The b r i g h t  r ed s  seen  on th e  
composi te  images a r e  c e r t a i n l y  r e l a t e d  t o  dense h e a l th y  
v e g e t a t i o n  a s s o c i a t e d  w i th  good s o i l  m o i s t u r e  c o n d i t i o n s .
i i )  F lo o d p l a i n  g r a s s l a n d .  The g r e a t e r  p a r t  of th e  
f l o o d p l a i n  i s  dominated by the  g r a s s  Cynodon d a c ty Ion . A few 
woody s p e c i e s  have invaded  t h e  ve ry  edge of t h e  f l o o d p l a i n  or  
dominate s m a l l ,  low i s l a n d s  a t  t h e  marg in .  The g r a s s l a n d  i s  
c h a r a c t e r i s e d  on t h e  imagery by a smooth t e x t u r e  and 
c o n c e n t r i c  zones  of  v a r y i n g  tone  around t h e  c e n t r a l  
d e p r e s s i o n .  Lower l y i n g  a r e a s  a r e  g e n e r a l l y  d a rk e r  i n  to n e ,  
main ly  v a r y in g  between medium and p a l e  yel low-brown and 
b lue -b row n .  A f t e r  a p e r io d  of  h ig h e r  r a i n f a l l ,  a r e a s  of t h e  
g r a s s l a n d  a p p e a r  v e ry  b r i g h t  r e d  (May 197 6 ( f i g .  4 . 1 0 ) ) .  The 
d i f f e r e n c e s  i n  s p e c t r a l  r e s p o n s e s  w i l l  be r e l a t e d  t o  changes 
i n  t h e  r a t i o  of  g r a s s  cover  t o  b a r e  s o i l  and l i t t e r ,  and t o  
t h e  c o n d i t i o n  of t h e  g r a s s  cover  ( v a ry in g  w i t h  s o i l  w a te r  
a v a i l a b i l i t y )  .
i i i )  F r i n g i n g  woodland and s c ru b .  Woody s p e c i e s  cannot  
s u r v iv e  where f l o o d i n g  o c c u r s  f o r  any le n g th  of t ime,  
t h e r e f o r e  t h e  m a j o r i t y  of t h e  lake  b a s i n  i s  devoid  of t r e e s  
and s h r u b s .  With long  te rm changes i n  l ake  l e v e l s ,  changes i n  
t h e  p a t t e r n  of v e g e t a t i o n  has  o c c u r r e d .  Low (3 to  4 m) , very 
dense A cac ia  t o r t i l l i s  woodland ( s e e  f i g .  4 .11 )  p r e s e n t l y  
i n d i c a t e s  t h e  maximum lake  l e v e l ,  on i t s  so u th e rn  s i d e .  
However, r e c e n t  low lake  l e v e l s  have a l lowed  some r e - i n v a s i o n
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Fig. 4.11 View from the southern scarp, Lake Ngami.
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of t h e  f l o o d p l a i n  marg in  by A. t o r t i l ^ i s  shrubs ( abou t  1 m 
h i g h ) .  I f  lake  l e v e l s  remain  low, t h i s  w i l l  e v e n t u a l l y  ex tend 
t h e  a r e a  of woodland.  The dense woodland i s  c h a r a c t e r i s e d  by 
a d a rk  brown co lour  on t h e  imagery ,  w i th  very  w e l l  d e f in e d  
b o u n d a r i e s .  I t  has  been no ted  f o r  o t h e r  s e m i - a r id  a r e a s ,  t h a t  
r e f l e c t a n c e  from dry h ig h ly  r e f l e c t i v e  s o i l s  can be g r e a t e r  i n  
t h e  i n f r a - r e d  bands th a n  f o r  g reen  v e g e t a t i o n  (A l le n  and 
R ic h a r d s ,  1983) .  Where t h i s  occu r s  v e g e t a t i o n  appea rs  r ed  
o n ly  when s t r o n g  c h l o r o p h y l l  a b s o r p t i o n  t a k e s  p l a c e .  I f  
a b s o r p t i o n  i s  low, t h e  v e g e t a t i o n  w i l l  appear  da rke r  on co lour  
co m p o s i te s ,  as  i n  t h e  case  of th e  _A.* t o r t i l  i s  woodland (and 
o t h e r  s i m i l a r  s i t u a t i o n s  w i t h i n  t h e  s tudy a r e a ) .  In  1983 th e  
woodland was h e a l t h y  and g reen  a t  th e  t ime th e  L andsa t  d a ta  
was c o l l e c t e d .  The s o i l s  a t  t h e  m arg ins  of th e  f l o o d p l a i n  a r e  
m a in ly  d a rk  g r e y i s h  brown (lOYR 4 /2 )  s i l t y  sand.  The woodland 
canopy i s  e n t i r e l y  of ^  t o r t i l  i s , w i th  only s c a t t e r e d  
examples of t h e  sh rub  Z i z yphus  mucr ona ta  i n  t h e  under s t o r e y .  
The medium t o  sp a r s e  cover  of th e  inva d ing  A cac ia  sc rub ,  i s  
c h a r a c t e r i s t i c a l l y  p a l e  brown on co lour  composi te s .
d) Old Lake F lo o d p la in  ( c l a s s  4 ) .
A s s o c i a t e d  w i th  th e  Lake Ngami d e p r e s s i o n  a r e  e x t e n s i v e  
f l a t s  t o  t h e  n o r th  and w es t  of t h e  p r e s e n t  lake  ( f i g s .  4 .4  
and 4 . 1 0 ) .  I t  i s  th o u g h t  t h a t  th e se  a r e  p a r t  e i t h e r  of former  
l a k e  f l o o d p l a i n  or  of t h e  Thoage f l o o d p l a i n ,  du r ing  t h e  r e c e n t  
p a s t  ( S t a r i n g ,  1978 ) .  The u n i t  i s  c h a r a c t e r i s e d  by e x t e n s i v e  
f l a t s  w i t h  l a r g e  pans ,  s e p a r a t e d  by sand r i d g e s  over  c a l c r e t e  
( S t a r i n g ,  197 8 ) .  Th is  a r e a  no lo n g e r  r e c e i v e s  w a te r  from th e  
d e l t a ,  but  ponding of  r a i n w a t e r  i s  common.
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Much of th e  w a te r  once r e a c h in g  Lake Ngami, was by way of 
t h e  Thoage system, to  t h e  n o r t h .  Th is ,  however,  became choked 
w i th  papyrus  and t h e  w a t e r s  d i v e r t e d  t o  t h e  e a s t .  The 
r e d u n d an t  channel  systems can s t i l l  be c l e a r l y  seen on t h e  
imagery ,  th e se  a r e  seen  a s  l i g h t e r  to n e s  ( p a l e  b l u e - g r e y ) ,  
th a n  t h e  su r ro u n d in g  low t r e e  and shrub  savanna.  This  
i n d i c a t e s  low v e g e t a t i o n  cover i n  t h e  o ld  c h an n e ls ,  p o s s i b ly  
th e  r e s u l t  of d i f f e r e n c e s  i n  t h e  edaphic  c o n d i t i o n s .
A number of l a r g e r  s e t t l e m e n t s  a r e  found i n  t h i s  ty p e ,  
i n c l u d i n g  Seh itwa and Toteng.  These a r e  c h a r a c t e r i s t i c a l l y  
su r rounded  by a zone of h e a v i ly  g razed  la n d ,  b a re  s o i l  su r f a c e  
i s  o f t e n  h igh  t o  v e ry  h ig h ,  p roduc ing  h igh  r e f l e c t a n c e  i n  a l l  
MSS bands .
i )  Low t r e e  and shrub  savanna.  The e x t e n s i v e  a r e a s  of 
f l a t s  a r e  c h a r a c t e r i s e d  by s c a t t e r e d  low t r e e s  and s h ru b s .
The dominant  genus i s  A c a c i a , w i th  a number of s p e c ie s  p r e s e n t  
(A. e r u b e s c e n s . m e l l i f e r a . _A. t o r t i l l i s ) . Grewia spp.  a r e  
a l s o  common i n  t h e  shrub l a y e r .  P i c h r o s t a c h ys  c i n e r e a  i s  
found i n  a s s o c i a t i o n ,  p a r t i c u l a r l y  nea r  d i s t u r b e d  ground.
Near To teng ,  T e rm in a l i a  p r u n i o i d e s  o ccu r s  a s  s c a t t e r e d  t r e e s .  
T e r m in a l i a  s e r i c e a  i s  l o c a l l y  dominant on smal l  sand r i d g e s .  
The v e g e t a t i o n  cover  v a r i e s  between s pa rse  and medium, w i th  
dense  l o c a l i s e d  p a t c h e s  The s o i l s  g e n e r a l l y  sandy (lOYR 7/1  
( l i g h t  grey) t o  lOYR 6 /3  ( p a l e  b row n)) .  The s p e c t r a l  
r e s p o n s e s  v a ry  from d a rk  t o  medium b lu e -g re y  and p u r p l e - g r e y .  
V a r i a t i o n  i n  tone and co lou r  i s  main ly  a product  of the  
p r o p o r t i o n  of v e g e t a t i o n  cover a g a i n s t  amount of b a r e  s o i l .  
Th is  w i l l  be m o d i f i e d  by a number of o t h e r  f a c t o r s ;  f o r
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e x a m p le , l e a f  shape,  co lour  and c o n d i t i o n  of  th e  dominant 
s p e c i e s .  The A cac ias  a r e  c h a r a c t e r i s t i c a l l y  smal l  l e aved ,  and 
o f t e n  p a l e  g reen  or  g r e y - g r e e n  i n  c o l o u r .
i i )  Redundant channe ls  and a s s o c i a t e d  v e g e t a t i o n .  The 
ch an n e ls  of  th e  Thoage system form a p a t t e r n  s i m i l a r  to  those  
of th e  lower  d e l t a  overf low p l a i n s  ( a ) .  However, th e se  a r e  
now redundan t  and t h e  v e g e t a t i o n  i s  dominated by s p e c i e s  
t y p i c a l  of d r i e r  c o n d i t i o n s .  The o ld  channe l  c o u r s e s  a r e  
dominated by s c a t t e r e d  low t r e e s  and s h ru b s ,  mainly Acacia  
s p e c i e s .  Acacia  e r i o l o b a  i s  commonly found and i s  i n d i c a t i v e  
of o ld  w a t e r  c o u r s e s  and l e v e l s  i n  t h i s  a r e a  (T imberlake ,
1980; Cole,  p e r s .  comm.). The spa rse  ground cover  i s  
dominated by Ç. d a c t y Io n . The s o i l s  a r e  g e n e r a l l y  f i n e  sandy 
loams,  a s s o c i a t e d  w i th  q u i e t  s e d im e n ta t io n  c o n d i t i o n s  
( S t a r i n g ,  197 8 ) .  The redundan t  channe ls  a r e  c l e a r l y  v i s i b l e  
on t h e  imagery ,  c h a r a c t e r i s t i c a l l y  much l i g h t e r  i n  tone  ( l i g h t  
b lu e -g r e y  to  w h i t e )  t h a n  t h e  s u r round ing  low t r e e  and shrub  
savanna ,  an p robab ly  t h e  r e s u l t  of lower v e g e t a t i o n  cover .
i i i )  Pans and a s s o c i a t e d  v e g e t a t i o n .  Small r a i n  pans 
a r e  found th roughou t  t h i s  t e r r a i n  ty p e ,  formed by th e  ponding 
of  r a i n  i n  n a t u r a l  d e p r e s s i o n s  d u r ing  t h e  summer, th e se  form a 
fo c u s  f o r  both  w i l d l i f e  and l i v e s t o c k .  The combination  of 
w a t e r l o g g i n g  f o r  p a r t  of th e  y e a r ,  heavy t r a m p l in g  and 
g r a z i n g ,  le ads  t o  low v e g e t a t i o n  cover and s o i l  e r o s i o n .  A 
few s c a t t e r e d  t r e e s  and shrubs  o f t e n  sur round  t h e  pans ,  mainly 
Acac ia  s p e c i e s .  The pans  a r e  g e n e r a l l y  sandy a t  t h e  m arg ins ,  
and o f t e n  have c lay  d e p o s i t e d  a t  t h e  c e n t r e .  When t h e  c lay  i s  
d ry ,  i t  o f t e n  c racks  forming sm al l  smooth, concave f l a k e s .
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d a rk  i n  co lou r  (5Y 4 / 2  ( o l i v e  g r e e n ) ,  and h ig h l y  r e f l e c t i v e .  
The pans a r e  seen  on t h e  imagery as sm a l l ,  w h i te  to  v e ry  p a l e  
b lue  f e a t u r e s ,  oval  in  shape.
iv)  S o u th e rn  e sca rpm en t .  Along t h e  s o u th e rn  marg in  of  Lake 
Ngami, a minor sca rp  ( s e e  f i g .  4 .11 )  s e p a r a t e s  t h e  f l o o d p l a i n  
( c ) ,  from t e r r a i n  type ( f ) . This  f e a t u r e  probab ly  r e p r e s e n t s  
t h e  s o u th e r n  l i m i t  of t h e  once l a r g e r  l a k e ,  no ev idence  of 
s h o r e l i n e  f e a t u r e s  sou th  of t h i s  a r e  e v id e n t  from t h e  L andsa t  
imagery or  a i r  pho tography .  I t  has  been sugges ted  t h a t  
s e v e r a l  of t h e  l a r g e  pans south  of t h e  s ca rp  were i n i t i a l l y  
formed a s  a r e s u l t  of overf low from th e  lake  (Buerger ,  1976) ,  
which would have in v o lv e d  w a t e r  o v e r to p p in g  t h e  escarpment.
The s lope  i s  concave,  g e n t ly  s lo p in g  a t  th e  base and 
s t e e p e n i n g  n e a r  t h e  c r e s t .  Near th e  v i l l a g e  of Botha togo ,  th e  
sc a rp  i s  a c c e n t u a t e d  by o u tc ro p p in g  rocks  of th e  Karoo 
s e d im en ts .  The g e n t l e  s lope a t  th e  base of th e  s ca rp  i s  
c h a r a c t e r i s e d  by s c a t t e r e d  t o  medium t r e e  cover ,  and v e ry  few 
sh ru b s .  Grass  cover  i s  v e ry  s p a r s e ,  due t o  heavy g ra z in g  
p r e s s u r e  around a number of w e l l s ,  which fo l low  th e  l i n e  of 
t h e  e sca rpm en t .  The dominant  t r e e  s p e c i e s  i s  A, t o r t i l  i s . 
between 2 and 4 m e t r e s  i n  h e i g h t .  A s s o c i a te d  s p e c i e s  i n c l u d e ,  
m e l l i f e r a . A, e ru b es cen s  and Zizyphus  m u c ro n a ta . The s o i l s  
a r e  f i n e  sandy t o  s i l t y  sands i n  t e x t u r e ,  and g r e y i s h  brown 
(lOYR 5 /2 )  t o  d a rk  g r e y i s h  brown (lOYR 4 /2 )  in  c o l o u r .  As t h e  
s lope  s t e e p e n s ,  e s p e c i a l l y  where t h e r e  i s  some o u tc ropp ing  of  
t h e  c oun t ry  rock ,  t h e  v e g e t a t i o n  i s  g e n e r a l l y  s h o r t e r  and more 
open,  w i th  shrubs  (D, c i n e r e a . Boscia f o e t i d a ) becoming more 
common. The s o i l  i s  t h e  very  s i m i l a r  to  t h e  l i g h t e r ,  s a n d ie r
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s o i l s  of t h e  lower s lo p e .  The i s  s o i l  i s  ve ry  h ig h ly  
exposed  over  t h e  whole of t h i s  component, w i th  very  low l i t t e r  
co v e r .  Th is  component i s  seen on t h e  imagery as m o t t l e d ,  p a le  
to  d a rk  b l u e - g r e y ,  t h e  l a r g e  expanses  of b a r e  s o i l  dominating 
t h e  r e s p o n s e .  The d a rk e r  to n e s  a r e  caused  by a r e a s  of denser  
v e g e t a t i o n .
e) Mopane Sandveld  ( c l a s s  5) .
The Mo pa ne sandve ld  i s  p a r t  of th e  l e v e l  to  g e n t ly  
u n d u l a t i n g  K a l a h a r i  P l a t e a u  (1 ,000 t o  900 m above sea l e v e l ) .  
There i s  no se a s o n a l  f l o o d i n g  i n  t h i s  t e r r a i n  ty p e .
Throughout t h e  Mo pa ne sandve ld ,  l a y e r s  of impervious c a l c r e t e  
c r e a t e  th e  c o n d i t i o n s  needed  f o r  ponding of  r a i n w a t e r .  The 
r a i n  pans  formed p rov ide  w a te r  f o r  both c a t t l e  and w i l d l i f e .  
Small  pans  a r e  o f t e n  found a t  i n t e r v a l s  a long  d e p r e s s i o n s  
be tween sand r i d g e s .
The Mo pa ne sandve ld  i s  g e n e r a l l y  l e v e l  to  g e n t ly  
u n d u l a t i n g ,  w i th  sand r i d g e s  forming g e n t l e  r i s e s  and swa les .  
Exam ina t ion  of a e r i a l  pho tographs  sugges t  an  e a s t - w e s t  t r e n d  
t o  t h e s e  r i d g e s .  The l i n e  of t h e  r i d g e s  i s  broken  and e roded  
i n  many p l a c e s ,  but  from t h e  a i r  pho tographs  i t  can be 
seen  t o  re sem b le  o t h e r  (w e l l  p r e s e rv e d )  dune f i e l d s ,  t o  th e  
sou th  of Lake Ngami, and e x t e n s i v e  a r e a s  t o  t h e  n o r th  and w es t  
of t h e  d e l t a  ( c l e a r l y  v i s i b l e  on Landsa t  im age ry ) .  The r i d g e s  
can be seen  t o  have once formed p a r a l l e l  dunes,  t h i s  has  been 
more c l e a r l y  d e t e c t e d  i n  t h e  ^melapo^ a re a  n ea r  Shorobe (a ,  
a b o v e ) ,  which appea r  t o  be a c o n t i n u a t i o n  of r i d g e s  between 
t h e  Kunyere and Thamalakane f a u l t s .  .
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The s o i l s  of t h i s  t e r r a i n  type a r e  c h a r a c t e r i s t i c a l l y  
a e o l i a n  d e p o s i t s ,  o f t e n  e x c e s s i v e l y  d r a in e d ,  f i n e  K a lah a r i  
sands ,  t y p i c a l l y  p a l e  i n  c o l o u r .  S o i l  s t r u c t u r e  i s  poor ly  
deve loped ,  and h o r i z o n s  i l l - d e f i n e d  ( S t a r i n g ,  1978) .  The 
a e o l i a n  d e p o s i t  s ap p ea r  to  o v e r la y  al luvial  d e p o s i t s  over  some 
of t h e  a r e a  ( S t a r i n g ,  1978) .
T h is  t e r r a i n  type i s  dominated th roughou t  by a s i n g l e  
t r e e  and sh rub  s p e c i e s ,  Coloph o s permum mopa n e . C. mo pa ne i s  
an  ' a g g r e s s i v e ' '  s p e c i e s ,  and a p p e a r s  t o  be ex ten d in g  i t  s 
r ange  i n t o  a r e a s  c h a r a c t e r i s e d  by o t h e r  forms of  savanna 
v e g e t a t i o n  i n  S ou the rn  A f r i c a  (Cole ,  1982a ) .  The occur rence  
of Ç. mopa ne i n  t h e  Okavango D e l t a  a r e a  ap p ea r s  t o  r e p r e s e n t  
an  ' o u t l i e r '  of t h e  main zone of mopa ne t r e e  and sh ru b lan d
of  n o r th  e a s t e r n  Botswana ( F i e l d ,  1978 ) .  The Okavango a r e a  i s  
r e g a r d e d  by Cole (1982a) a s  a ' v e g e t a t i o n  t e n s i o n  zo n e '  ( s e e  
s e c t i o n  3 4 ) .  Ç. mo pa ne o f t e n  e x i s t s  i n  almos t  pure  s t a n d s .
The main a r e a  of Mo pa ne Sandveld i s  t o  t h e  n o r th  of t h e  B o t e t i  
R ive r  ( s e e  f i g s .  4 .3  and 4 . 4 ) .
i )  Sand r i d g e s  and e l e v a t i o n s  w i th  Colphospermum mo pa ne 
woodland.  £.  mopane woodland i s  g e n e r a l l y  a s s o c i a t e d  w i th  
h i g h e r  ground,  sh rub  savanna w i th  d e p r e s s io n s  and low 
p l a i n s .  The woodland canopy cover  i s  g e n e r a l l y  s pa rse  to  
medium, and i s  t o t a l l y  dominated by jC. mo pa n e . The canopy 
v a r i e s  between 6 and 12 m i n  h e i g h t .  The under s to r e y  i s  
dominated by young C^. mo pa ne and a number of a s s o c i a t e d  shrubs  
( Ximenia a m e r i c a n a , Grewia f  lav  es c e n s , Lonchocarpus capa s s a ) .  
The s o i l s  a r e  composed of  f i n e  sands ,  grey (lOYR 5 /1 )  t o  
g r e y i s h  brown (lOYR 5 /2 )  in  co lour  (Ç. mopane i s  found on a
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v a r i e t y  of s o i l  ty p e s  (Palmer,  1977) ,  t o  t h e  n o r th  of Maun, in  
t h e  Moremi and C h i e f ' s  I s l a n d  a r e a s ,  i t  i s  a s s o c i a t e d  w i th  
grey c l  ay -pan  s o i l s  ( T i n l e y ,  1966; B ig gs ,  1 9 7 6 ) ) .  The a r e a  
of exposed s o i l  i s  g e n e r a l l y  h igh ,  w i th  a low g r a s s  and l i t t e r  
co v e r .
The s p e c t r a l  r e sponse  of th e  woodland a r e a s  v a r i e s  from 
d a rk  orange-brown,  where l o c a l i s e d  a r e a s  of  dense woodland a r e  
found ( n o r t h - e a s t  of Maun), to  medium orange-brown and 
r e d - g r e y ,  over  most of i t s  d i s t r i b u t i o n .  The l e a v e s  of  C. 
mopane a r e  ve ry  d i s t i n c t i v e ,  formed of two l e a f l e t s  h inged  
t o g e t h e r  a t  t h e  b as e ,  which f o l d  t o g e t h e r  i n  dry weather  (Van 
V o o r th u iz e n ,  1976 ) .  The l e a v e s  a r e  b r i g h t  g reen  a f t e r  the  
summer r a i n s ,  t u r n i n g  a conspicuous  ye l low-brown d u r ing  t h e  
p e r i o d  J u ly -A u g u s t  (Ç. mopane i s  d e c i d u o u s ) .  On t h e  September 
197 2 imagery ,  t h e  woodland n e a r  Moshu i s  seen  as  dark  
g r e y - b lu e  on t h e  c o lou r  composi te ,  w h i l e  i t  i s  s t i l l  
o r a n g e - r e d  i n  August 1975.
i i )  Minor p l a i n s  and d e p r e s s i o n s ,  w i th  Colophospermum 
mopane shrub  savanna .  The shrub savanna canopy cover i s  a l s o  
s p a r s e  t o  medium, and i s  o f t e n  t o t a l l y  devoid  of  any t r e e s .
The g e n e ra l  h e i g h t  of t h e  shrub l a y e r  i s  1 to  1.5  m. The 
shrub  l a y e r  i s  a lm os t  pu re  C^. mopane i n  most c a s e s ,  w i th  only 
s c a t t e r e d  i n d i v i d u a l s  of  o t h e r  s p e c i e s  ( Grewia f l a v e s c e n s . 
A cac ia  s p p . ) .  The s o i l s  a r e  f i n e  t o  loamy sands ,  l i g h t  grey 
(lOYR 7 /1 )  t o  grey (lOYR 5 /1 )  in  c o l o u r .  The a r e a  of exposed 
s o i l  i s  h ig h ,  w i th  low g r a s s  and l i t t e r  cover .  The shrub 
savanna  i s  g e n e r a l l y  s i m i l a r  i n  co lour  on t h e  co lour  
com posi te s  t o  t h e  woodland,  but of p a l e r  to n e s .  Where t h e r e
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i s  a d i s t i n c t  boundary between t h e  woodland and shrub  ( see  
f i g .  6 . 2 ) ,  t h i s  can be c l e a r l y  seen  on c e r t a i n  d a t e s  of 
L an d sa t  im age ry . A number of p o s s i b l e  causes  e x i s t  which may 
produce d i s t i n c t  r e f l e c t a n c e s  from th e  woodland and shrub  
a r e a s .  These i n c lu d e  such f a c t o r s  as  canopy s t r u c t u r e ,  
d i f f e r e n c e s  i n  l e a f  p ig m e n ta t io n  or  a s s o c i a t e d  s p e c i e s  ( see  
c h a p t e r  V I ) .  For example,  t h e  l e a v e s  of C^. mopane change to  a 
c h a r a c t e r i s t i c  ye l low  and orange brown d u r ing  t h e  dry season ,  
but  o f t e n  remain  on t h e  t r e e  f o r  much of t h e  w i n t e r  ( T in le y ,  
1966 ) .  I t  has  been  obse rved  t h a t  shrub a r e a s  o f t e n  have  a 
r e d d e r  hue th a n  t h e  t r e e s  ( P r i n c e ,  p e r s .  com.) ,  t h i s  could  
p ro v id e  one e x p l a n a t i o n  f o r  d i f f e r e n c e s  i n  t h e  r e f l e c t a n c e  
c h a r a c t e r i s t i c s  of  t h e  two v e g e t a t i o n  t y p e s .
There a r e  a number of p o s s i b l e  e x p l a n a t i o n s  f o r  t h e  
e x i s t e n c e  of t h e  d i s t i n c t  mosaic  of  woodland and shrub  t h a t  
o c c u r s  w i t h i n  t h i s  t e r r a i n  t y p e .  T in ley  (1 9 6 6 ) ,  working i n  
t h e  Moremi a r e a ,  a t t r i b u t e s  t h e  f o r m a t io n  of th e  shrub  a r e a s  
t o  f i r e  ( ' p y r o p h y t i c  sh rub  s a v a n n a " ) ,  where t h e  " . . . t r e e  
growth form i s  changed t o  shrub o r  s c rub  growth:  t y p i c a l l y ,
mul t i - s te mmed co p p ic e s  a r e  produced from th e  c h a r re d  o r i g i n a l  
s t e m ."  Cole (1982a) n o t e s  t h a t  t h e  s t a t u r e  of i n d i v id u a l  
p l a n t s  i s  markedly  lower a long  d r a in a g e  l i n e s ,  where co ld  a i r  
acc u m u la te s  on w i n t e r  n i g h t s ,  and t h a t  t h e r e  i s  evidence  to  
s u gges t  Ç. mopane i s  s e n s i t i v e  to  low te m p e ra tu re s .  Th is  
e x p l a n a t i o n  would f i t  t h e  p a t t e r n  of shrub and woodland 
r e l a t e d  t o  topog raphy ,  t h a t  i s  found i n  t h e  study a r e a .  
However, t h e  sha rp  c u t - o f f  between t h e  components t h a t  i s  
o f t e n  found ,  and t h e  coppice form of th e  sh rubs ,  might  argue
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f o r  a com bina t ion  of th e s e  f a c t o r s .  T in ley  (1966) b e l i e v e s  
t h a t  f r o s t  a c t i o n  may be a f a c t o r ,  i n  m a i n t a i n i n g  t h e  shrub 
form once i t  has  been produced by f i r e ,  he q u o te s  Keet (1950) , 
who n o t e s  " . . . s u c k e r s  and coppice  sh o o ts  a r e  more s e n s i t i v e  to  
t h e  e f f e c t  of f r o s t ,  d rought  and f i r e  th a n  s e e d l i n g s  of  the  
same age or  s i z e ;  t h e  r e p e a t e d  damage by th e s e  a g e n t s  r ed u ce s  
f o r e s t  or woodland t o  u s e l e s s  s c rub  and seldom t o  u s e f u l  
g r a s s l a n d . " .  I f  t h e  shrub form i s  more s e n s i t i v e  to  co ld ,  
t h i s  would accoun t  f o r  t h e  f a c t  t h a t  th e  shrubs  t u r n  ye l low 
much e a r l i e r  th a n  t h e  t r e e s ,  e s p e c i a l l y  where t h e s e  occupy th e  
c o o l e r  d e p r e s s i o n s  between t h e  warmer wooded r i d g e s .
The p a t t e r n  of  woodland and shrub  v a r i e s  over  t h e  Mopane 
s an d v e ld ,  where sand r i d g e s  and d e p r e s s i o n s  a r e  more 
a c c e n t u a t e d  (eg .  t h e  Moshu a r e a ) ,  t h e  boundar ie s  between them 
a r e  v e ry  c l e a r ,  however, where t h e s e  a r e  l e s s  d i s t i n c t ,  t h e r e  
i s  o f t e n  a continuum from woodland,  through low t r e e  and shrub  
savanna to  p u re  shrub .
i i i )  Pans .  The d e s c r i p t i o n  of  t h i s  component i s  t h e  
same a s  f o r  d) i i i )  . The pans t e n d  t o  occupy t h e  lowes t  p a r t s  
of  d e p r e s s i o n s  and p l a i n s .
f)  K a l a h a r i  Sandveld.
The K a la h a r i  sandve ld  i s  a l s o  p a r t  of th e  K a la h a r i  
P l a t e a u ,  and i s  s i m i l a r  i n  te rms of topography to  t h e  Mopane 
s a n d v e ld .  However, r a i n  pans appea r  to  be more f r e q u e n t  i n  
t h i s  t e r r a i n  ty p e .
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The K a l a l ^ i  sandve ld  i s  c h a r a c t e r i s e d  by a e o l i a n  
d e p o s i t s .  The s o i l s  a r e  e x c e s s i v e l y  d r a in e d ,  f i n e  K a la h a r i  
sands ,  w i th  a t y p i c a l l y  p a l e  grey or  brown co lour  ( f i g .  4 . 1 2 ) .  
S t r u c t u r e  i s  p oo r ly  developed  and h o r i z o n s  a r e  i l l - d e f i n e d .
The a e o l i a n  sands a r e  p redom inan t ly  q u a r t z ,  w i th  low 
c o n c e n t r a t i o n s  of c lay  forming m i n e r a l s  ( S t a r i n g ,  1978) .
F ig u r e  4 .13  shows t h e  main a r e a s  of  K a la h a r i  Sandveld between 
t h e  Thamalakane and Kunyere f a u l t s ,  and t h e  Haina Veld.
i )  Sand r i d g e s  w i t h  low t r e e  and shrub  savanna .  P a r a l l e l  
groups  of sand r i d g e s  form a landscape  of g e n t l e  r i s e s  and 
i n t e r v e n i n g  s w a le s .  The wave l e n g t h  between r i d g e  c r e s t s  
a t  T s e t se k u  r a n c h ,  v a r i e d  between about  300 and 450 m e t re s ,  
w i th  only  a r i s e  of 2 to  3 m e t re s  from th e  " t rough"  t o  t h e  
c r e s t  ( s e c t i o n  5 . 7 . 1 ) .  The tops  of t h e  r i d g e s  a r e  o f t e n  form 
l e v e l  ground f o r  100 m e t re s  o r  more b e fo re  descending  i n t o  t h e  
nex t  d e p r e s s i o n .  The v e g e t a t i o n  of t h e  r i d g e s "  i s  g e n e r a l l y  
dominated by low t r e e s  w i t h  some s c a t t e r e d  s h ru b s .  The t r e e  
cover  v a r i e s  from medium t o  dense ,  w i th  l o c a l i s e d  p a t c h e s  of 
v e ry  dense c o v e r .  The dominant t r e e  s p e c i e s  and d e n s i t y  of 
cover  va ry  over t h e  r i d g e s ,  seeming t o  co r respond  t o  s l i g h t  
changes  i n  topog raphy .  The l e v e l  tops  of t h e  r i d g e s  a r e  o f t e n  
dominated by medium t o  dense shrub cover  w i th  s c a t t e r e d  t r e e s  
( s e e  f i g .  5 . 4 b ) .  The dominant shrubs  a r e  Grewia b i c o l o r  and 
G. f l a v a . The a s s o c i a t e d  t r e e  cover i s  dominated by v a r io u s  
A cac ia  s p e c i e s .  A number of o t h e r  t r e e s  and shrubs  a r e  
l o c a l l y  dominant ,  f o r  example D. c i n e r e a , which forms dense 
t h i c k e t s ,  o f t e n  on t h e  s i t e s  of  abandoned k r a a l s .  Terminal  i a  
s e r i c e a  i s  l o c a l l y  dominant ,  o f t e n  t o  t h e  p o in t  of forming
nvimic:
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Fig. 4.12 Typical soil surface, Tsetseku Ranch.
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m o n o s p e c i f i c  s t a n d s  ( s e e  f i g .  5 . 4 c ) .  Lochocarpus n e l s i i  i s  
u s u a l l y  a s s o c i a t e d ,  but  i n  small  numbers.  At Tse t seku ,  T. 
s e r i c e a  i s  u s u a l l y  found t o  dominate th e  upper s lo p es  t o  th e  
c r e s t ,  but  tends  g iv e s  way t o  A cacia  and Grewia spp.  on any 
l e v e l  t e r r a i n .  T. s e r i c e a  appea rs  t o  be a s s o c i a t e d  w i th  deep,  
loose  sand.  A number of g r a s s e s  were  i d e n t i f i e d  a t  T se t seku  
r a n c h ,  however,  due t o  t h e  poor c o n d i t i o n  g e n e r a l l y ,  of 
g r a s s e s  a t  t h i s  t im e ,  i t  i s  n o t  p o s s i b l e  to  g ive  a d e t a i l e d  
d e s c r i p t i o n  of  t h e i r  d i s t r i b u t i o n  over  th e  whole of th e  
s an d v e ld .  The s p e c i e s  i d e n t i f i e d  were found i n  both  component
i )  and i i )  , The g r a s s  cover  i n c l u d e s ,  A r i s t i d a  conge s t s  , 
T r a gus racemosus. and Urochloa m osam bicens is , i n d i c a t i v e  of 
d i s t u r b e d  ground and o v e r g r a z i n g .  The s o i l s  a r e  of loose  to  
s l i g h t l y  compacted sand,  l i g h t  grey (lOYR 7 /2 )  t o  l i g h t  
brownish grey (2.5Y 6 /2)  i n  c o l o u r .  L i t t e r  cover  i s  g e n e r a l l y  
low.
This  component i s  d a rk e r  i n  to ne  tha n  t h e  o t h e r s  i n  t h i s  
t e r r a i n  t y p e .  On t h e  co n v e n t io n a l  co lour  composite ,  i t  v a r i e s  
between dark  g re y -b lu e  to  grey (Sep tember ,  1972) t o  da rk  t o  
medium r e d d i s h - g r e y  and r e dd ish -b row n  (August ,  1975) .  The r e d  
hues  a r e  p robab ly  i n d i c a t i v e  of s t r o n g  c h l o r o p h y l l  from both  
woody and g r a s s  cover  a f t e r  a p e r io d  of good r a i n f a l l .  The 
d a rk  grey and b lu e -g r e y  was p robab ly  t h e  r e s u l t  of low 
r e f l e c t a n c e s  i n  a l l  MSS bands due t o  non-g reen  woody 
v e g e t a t i o n  masking s t r o n g e r  r e f l e c t a n c e s  from t h e  s o i l .
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Fig. 4.13 Landsat colour composite, Nghabe River area (May 19833.
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i i )  Minor p l a i n s  and d e p r e s s i o n s ,  w i th  low t r e e  and 
sh rub  savanna .  The p l a i n s  and d e p r e s s io n s  l i e  between t h e  
sand r i d g e s .  Where t h e  l i n e  of th e  sand r i d g e s  i s  u n d i s tu rb e d  
and l i e  c l o s e  t o g e t h e r ,  l i n e a r  s e t s  of d e p r e s s i o n s  a r e  found.  
Where t h e  sand r i d g e s  a r e  l e s s  d i s t i n c t ,  small  p l a i n s  of 
v a r i a b l e  s i z e  and shape occu r ,  w i th  r i s e s  of h ig h e r  ground i n  
p l a c e s ,  th e  rem a ins  of sand r i d g e s .  The dominant v e g e t a t i o n  
cover  i s  s p a r s e  to  medium low t r e e  and shrub  savanna ( s ee  f i g .  
5 . 4 a ) .  Aca c i  a s p e c i e s  dominate  t h e  s c a t t e r e d  t r e e  component 
(A. t o r t i l  i s . m e l l i f  e r a . _A. e r u b e s c e n s ) ,  w i th  th e  shrub
l a y e r  dominated by Grewia b i c o l o r  and G. f l a v a . and Acac ia  
s h ru b s .  Other  shrubs t y p i c a l  of t h i s  component i n c l u d e ,  Rhus 
t e n u i n e r u s . D ic h ro s ta c h ys  c i n e r i a  (which l o c a l l y  may be 
d o m in a n t ) .  The s o i l s  a r e  f i n e  sand,  o f t e n  compact e s p e c i a l l y  
n e a r  to  t h e  c e n t r e s  of d e p r e s s i o n s  and pans ,  and a r e  very  
p a l e ,  l i g h t  grey (lOYR 7 /1 )  t o  w h i t e  (lOYR 8 / 1 ) ,  L i t t e r  cover 
i s  g e n e r a l l y  very low and exposed s o i l  high to  v e ry  h igh .
Like component i )  , t h i s  component v a r i e s  markedly  in  i t s  
s p e c t r a l  r e s p o n s e  between good and bad r a i n f a l l  p e r i o d s .  I t  
v a r i e s  from p a l e  grey and g r e y -b lu e  (September ,  1972) ,  t o  p a l e  
r e d d i s h -b ro w n  and p in k  (August ,  197 5) p o s s i b l y  fo l low ing  a 
f l u s h  of growth of t h e  herbaceous  l a y e r .  On most of th e  
images t h i s  component i s  c h a r a c t e r i s e d  by p a l e  tones  of grey-  
and b l u e - g r e y , i n d i c a t i n g  s t r o n g  s o i l  r e f l e c t i v i t y  in  a l l  
bands ,  and a weak r e s p o n s e  from t h e  spa rse  v e g e t a t i o n .
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i i i )  Pans .  The d e s c r i p t i o n  f o r  t h i s  component i s  th e  
same as  f o r  d) i i i ) .  The pans a r e  o f t e n  found a t  i n t e r v a l s  
a lo n g  d e p r e s s i o n s .  The frequency  of occurrence  v a r i e s  over 
t h e  K a la h a r i  sandve ld  zone,  more common where sand r i d g e s  and 
d e p r e s s i o n s  form g e n t ly  u n d u la t i n g  ground,  fo r  example between 
t h e  Kunyere and Thamalakane f a u l t  l i n e s ,  south  of Maun.
f)  K a l a h a r i  Sandveld -  sub - type  ( c l a s s  7 ) .
t h i s  sub - type  i s  c h a r a c t e r i s e d  by th e  occurrence  of dense 
p a t c h e s  of  T e r m in a l i a  p r u n i o i d e s  woodland,  which forms a 
d i s t i n c t i v e  component on t h e  L an d sa t  imagery ( f i g ,  4 . 1 4 ) .
Th is  component does n o t  occur th roughout  t h e  r e s t  of th e  
K a l a h a r i  sandve ld  t y p e .  In  a l l  o t h e r  ways t h i s  sub- type  
a p p e a r s  t o  conform t o  t h e  c h a r a c t e r i s t i c s  of th e  K a la h a r i  
sandve ld  t e r r a i n  t y p e .
T e r m in a l i a  pr u n i o i d e s  has  a v e ry  s c a t t e r e d  d i s t r i b u t i o n  
over  most of t h e  sandve ld .  I t  i s  found a s  s i n g l e ,  s c a t t e r e d  
t r e e s  a t  T s e t s e k u ,  w i t h i n  t h e  a r e a s  dominated by A cacia  and 
Grewia low t r e e  and sh rub  savanna .  I t  i s  a l s o  r e p o r t e d  t o  
grow in  sandve ld  c oun t ry  of t h e  Moremi a r e a ,  t o  t h e  n o r th  of 
t h e  s tudy  a r e a  (T i n l e y ,  196 6) . Only to  t h e  south  of th e  
B o t e t i  R iv e r ,  i n  t h e  Haina Veld,  does i t  occur as t h e  dominant 
woodland t r e e .  The T. p r u n i o i d e s  woodland ap p ea r s  t o  occupy 
s l i g h t  r i s e s  i n  t h e  r e l i e f ,  and t h e  p a t t e r n  of woodland a r e a s ,  
as  seen  from a i r  photography and L andsa t  imagery,  su g g e s t s  i t  
i s  r e l a t e d  t o  t h e  o ld  dune systems of e a s t - w e s t  o r i e n t a t i o n .  
The p a t t e r n  i s  i n t e r r u p t e d ,  w i th  s c a t t e r e d  " i s l a n d s "  of the  
woodland s e p a r a t e d  by sandve ld  dominated by t h e  t y p i c a l  Acacia
138
Fig. 4.14 Landsat co lour composite, Haina Veld (August 19753.
139
and Grewia low t r e e  and shrub  savanna .  The woodland canopy i s  
g e n e r a l l y  of medium to  dense cover .
The woodland a r e a s  a r e  d i s t i n c t  on t h e  Landsa t  imagery,  
as  da rk  brown a r e a s ,  o f t e n  e l l i p s o i d  i n  shape ( t h e  long  a x i s  
o r i e n t a t e d  e a s t - w e s t ) .  The l e a v e s  of T. pr u n i o i d e s  a r e  smal l  
( l e s s  t h a n  5 cm l o n g ) ,  and smooth,  forming t u f t s  a t  t h e  ends 
of  b ra n c h e s .
Evidence from L andsa t  imagery ,  s u g g e s t s  t h e  woodland i s  
l i m i t e d  t o  t h e  Haina Veld.  A boundary between t h e  sub- type  
and t h e  main t e r r a i n  type f ) ,  cannot  be e a s i l y  d i s t i n g u i s h e d  
on t h e  b a s i s  of  th e  s i n g l e  d i s t i n c t i v e  t e r r a i n  component.
g) Sandveld  w i t h  L i n e a r  Dunes.
This  u n i t  i s  b ro ad ly  s i m i l a r  to  t h e  s a n d v e l t  d e s c r ib e d  
above,  but  i s  dominated by l a rg e  l i n e a r  dunes.  These a r e  no 
lo n g e r  a c t i v e ,  hav ing  been  s t a b i l i s e d  by v e g e t a t i o n .  The 
dunes have  an  e a s t - w e s t  o r i e n t a t i o n ,  and form a d i s t i n c t i v e  
u n d u l a t i n g  t e r r a i n .  This  t e r r a i n  type i s  covered  l a r g e l y  by 
th e  sands of t h e  K a la h a r i  beds ( T e r t i a r y  t o  Recent  i n  a g e ) .  
These beds o v e r l i e  rocks  of t h e  Ghanzi  fo rm a t io n  and of t h e  
Karroo  sed im en ts  (B uerge r ,  1976; H u tch in s  e t  a l . ,  1976 ) .  A 
number of l a r g e  pans  form one of th e  main components of th e  
t e r r a i n  type  (T a l e ,  Talenyane  and Nwaku)( f ig .  4 . 1 5 ) ,  as  w e l l  
as  numerous s m a l l e r  pans .
i )  Major sand r i d g e s  w i th  low t r e e  and shrub,  savanna.
In  t h i s  component,  t h e  sand r i d g e s  a r e  formed by th e  
s t a b i l i s a t i o n  (by v e g e t a t i o n  cover)  of  o ld  dune f e a t u r e s .
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Fig. 4.15 Landsat colour composite, Tale pan - Kgwebe Hills area 
(May 19833.
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These a r e  w e l l  p r e s e r v e d  and g e n e r a l l y  u n in t e r / i p te d  f e a t u r e s ,
c r o s s i n g  t h e  t e r r a i n  type ( e a s t - w e s t ) .  They a r e  between 500 
and 800 m w i d e , and up t o  t e n s  of k i l o m e t r e s  long .  These a r e  
much l a r g e r  s c a l e  f e a t u r e s  t h a n  th o se  a s s o c i a t e d  w i th  the  
Sandveld  and t h e  Lower D e l ta  Overflow P l a i n s ,  but a r e  probab ly  
r e l a t e d .  E x te n s iv e  a r e a s  of  th e  r i d g e s  a r e  dominated by 
T e r m in a l i a  s e r i c e a  low t r e e  and sh rub  savanna (w i th  
Lonchocarpus  n e l s i i  i n  a s s o c i a t i o n ) .  The canopy i s  g e n e r a l l y  
dense ,  and between 2 and 3 m in  h e i g h t .  Other woody s p e c i e s  
(A cac ia  s p p . ,  D. c i n e r e a .  G. b i c o l o r ) . a r e  found a s  shrubs  and 
s c a t t e r e d  t r e e s ,  e s p e c i a l l y  n e a r  th e  boundary w i th  o th e r  
components.  The s o i l  i s  g e n e r a l l y  deep,  loose  sand,  of f i n e  
t e x t u r e ,  r e d d i s h  brown (5YR 5 /3 )  t o  p a l e  brown (lOYR 6 /3 )  in  
c o lou r  ( f i g .  4 . 1 6 )
T h i s  component i s  c l e a r l y  d e f in e d  on t h e  L andsa t  imagery,  
w i th  a d i s t i n c t  boundary between i t s e l f  and o t h e r  components 
( t h e  boundary i s  a l s o  d i s t i n c t  on a i r  p h o to g r a p h s ) ,  and i s  
s een  a s  r e d d i s h -b ro w n  t o  p a l e  r e d  o r  p i n k - g r e y .  I t  ap p ea r s  t o  
have h i g h e r  v a l u e s  i n  MSS bands 6 and 7 t h a n  o t h e r  a r e a s  of 
dense woody cover ,  but  s i m i l a r  v a l u e s  i n  MSS band 5,  th e  
c h l o r o p h y l l  a b s o r p t i o n  band.  The l e a v e s  of  T. s e r i c e a  a r e  
s i l v e r y - g r e y  ( t h i c k l y  s i l k y  to  h a i r y  w i th  age (Palmer,  1 9 7 7 ) ) ,  
t h i s  p robab ly  c o n t r i b u t e s  t o  h igh  r e f l e c t a n c e s  i n  t h e  nea r  
i n f r a - r e d  wave l e n g t h s .
i i )  D e p re s s io n s  and p l a i n s  w i th  low t r e e  and sh rub  
savanna .  Between t h e  l a r g e  sand r i d g e s  a r e  d e p r e s s io n s ,  
v a r y in g  i n  s i z e  from l e s s  t h a n  a k i l o m e t r e  t o  s e v e ra l  
k i l o m e t r e s  i n  w i d t h .  In p l a c e s  t h e  r i d g e s  a r e  a b s e n t  and
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Fig. 4.16 Terminalia sericea dom inated vegetation near Tale Pan.
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sm al l  a r e a s  of l e v e l  to  g e n t ly  u n d u la t i n g  t e r r a i n  o ccu r ,  fo r  
example to  t h e  w es t  of Ta le  Pan. Tale Pan may have been 
i n i t i a t e d  by overf low from Lake Ngami, i f  t h i s  o c c u r re d  a f t e r  
t h e  f o r m a t io n  of  t h e  dune system, t h i s  could  account  f o r  th e  
absence  of r i d g e s  i n  t h i s  a r e a ,  and t h e i r  p resence  to  t h e  
n o r t h ,  sou th  and e a s t .
The v e g e t a t i o n  of t h i s  component i s  s i m i l a r  to  t h a t  of 
th e  Sandveld t o  t h e  n o r t h .  The low t r e e  and shrub  savanna 
cover  vary  from s c a t t e r e d  t o  dense i n  p l a c e s ,  w i th  a 
g e n e ra l  canopy h e i g h t  of between 1 and 2 m e t re s .  A form of 
low t r e e  savanna w i th  a l e s s  dominant shrub e lement occu rs  i n  
p l a c e s .  The dominant s p e c i e s  i n  t h i s  component a r e  Acacias  
(A. t o r t i l  i s . A. m e l l i f  e r a . A. e r u b e s c e n s ) w i th  Grewia 
b i c o l o r  and B o sc ia  f o e t i d a  as  co -dominants  over  p a r t s  of th e  
a r e a .  A s s o c i a t e d  s p e c i e s  in c lu d e  D. c i n e r e a  ( s h r u b ) ,
Combretum sp.  ( t r e e  and s h r u b ) ,  and T^ . p ru n io i d e s  ( t r e e ) .  The 
g r a s s e s  A r i s t i d a  h o r d e a c e a . A. s c a b r i v a l i s  and Cenchrus 
c i l l i a r i s  a r e  commonly found i n  t h i s  component (Buerger,
1976) .  The sandy s o i l s  of  t h i s  component v a ry  i n  co lour  
between l i g h t  grey  (lOYR 7 / 2 ) ,  brown (lOYR 4 . 5 / 5 )  and 
y e l l o w i s h  brown (lOYR 5 /6 )  in  c o l o u r .
The s p e c t r a l  r e s p o n s e  p a t t e r n s  of t h i s  component a r e  w e l l  
d e f in e d  a t  t h e i r  b o u n d a r ie s  w i t h  component i )  , but  l e s s  
d i s t i n c t  a t  b o u n d a r ie s  w i t h  component i i i ) .  Th is  r e f l e c t s  t h e  
f a c t  t h a t  t h e r e  i s  an  e c o c l i n e  between t h e  low t r e e  and shrub  
savanna and t h e  pan f r i n g i n g  woodland,  r a t h e r  th a n  a d i s t i n c t  
boundary ,  t h i s  e c o c l i n e  i s  seen  on t h e  ground a s  both  
co m p o s i t io n a l  and s t r u c t u r a l .  The co lour  of t h i s  component
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v a r i e s  from p a l e  ye l lo w ish -b ro w n  t o  p a l e  or medium 
b ro w n is h -g re y .  The y e l lo w i s h  c o lo u r s  seem to  be r e l a t e d  t o  
t h e  a r e a s  of y e l low ish -b row n  s o i l s ,  w i th  lower MSS band 4 
v a l u e s ,  w h i l e  th e  grey c o lo u r s  a r e  r e l a t e d  t o  t h e  l i g h t  grey 
and l i g h t  brown s o i l s  w i th  h igh v a l u e s  from t h e  s o i l  in  a l l  
bands ( to n e  be ing  d i c t a t e d  by v e g e t a t i o n  c o v e r ) .  The s p e c i e s  
c o m p o s i t io n  between th e s e  a r e a s  rem ains  b road ly  s i m i l a r ,  w i th  
ve ry  s l i g h t  d i f f e r e n c e s  i n  t h e  dominant A cacias  and t h e i r  
co -dom inan ts .  For example a p a l e  y e l low ish -b row n  a r e a  (image 
of 19 January  197 3 ) ,  had a cover  of s c a t t e r e d  t r e e s  and 
s h r u b s ,  dominated by ^  t o r t i l  i s  and B. f o e t i d a , w i th  G. 
b i c o l o r , Combretum s p . , and T. pr u n i o i d e s  i n  a s s o c i a t i o n ,  on 
y e l lo w i s h  brcwn s o i l  (lOYR 5 / 6 ) ,  w h i l e  a p a l e  
b r o w n i s h - b lu e /g r e y  a r e a ,  w i th  t h e  same cover c h a r a c t e r i s t i c s  
and dominated by t o r t i l  i s  and _A. m e l l i f  e r a , w i th  Combr etum 
sp.  , D. c i n e r e a  and Tj, pr u n i o i d e s  i n  a s s o c i a t i o n ,  i s  found on 
g r e y i s h  brown (lOYR 5 /2 )  t o  brown (lOYR 4 . 5 / 3 )  s o i l .
i i i )  Pans .  Pans form an im p o r ta n t  component of t h i s  t e r r a i n  
t y p e ,  they range  i n  s i z e  from a few hundred m e t r e s  wide to  
over  1 .5  k i l o m e t r e s  i n  t h e  case  of Tale  pan.  The smal l  pans 
a r e  p robab ly  formed a s  a r e s u l t  of r a i n  f low i n t o  small  
n a t u r a l  d e p r e s s i o n s ,  which th e n  become th e  focus  f o r  an imals  
s eek in g  w a t e r .  The p r e s s u r e  on t h e  v e g e t a t i o n  around t h e  r a i n  
pan t h e n  l e a v e s  t h e  s o i l  u n p r o t e c t e d  from d e f l a t i o n  by wind 
a c t i o n  d u r in g  t h e  dry season ,  t h i s  w i l l  s e rve  to  a c c e n t u a t e  
and e x t e n d  t h e  d e p r e s s i o n .  Buerger (197 6) t h i n k s  t h e  l a r g e r  
pans ,  such as  T a l e ,  Talenyane  ( f i g .  4 .17 )  and Nwaku, may have 
o r i g i n a l l y  formed a s  a r e s u l t  of overflow from Lake Ngami.
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The d e p r e s s i o n s  becoming e s t a b l i s h e d  a s  pans due to  a l t e r n a t e  
d e f l a t i o n  i n  dry p e r io d s  and f l o o d i n g  from lake o v e r s p i l l .
Wave a c t i o n  d u r in g  p e r io d s  of in u n d a t io n  may have formed th e  
sm al l  undercu t  c l i f f s  found around t h e  Tale  and Talenyane  
pans .  The T a le  pan complex i s  t h e  l a r g e s t  i n  t h i s  component 
(ove r  6 s q u a r e  k i l o m e t r e s ) ,  t h e  main pan a p p e a r s  t o  be fed  
w i th  r a i n w a t e r  by a number of d ra inage  f e a t u r e s  t o  t h e  e a s t ,  
t h e  s m a l l e r  Talenyane ,  i s  f e d  from t h e  s o u t h - e a s t .  These 
d ra in a g e  f e a t u r e s  ap p ea r  to  be p a r t l y  c o n t r o l l e d  by th e  
e a s t - w e s t  o r i e n t a t i o n  of t h e  r i d g e s  and d e p r e s s i o n s .  There i s  
no ev idence  f r a n  L andsa t  or  a i r  pho tographs ,  of any r e c e n t  
d r a in a g e  from immediate ly  n o r th  or  west  of the  pan complex.
The pans  a r e  t o t a l l y  l a c k in g  t r e e s  o r  sh ru b s ,  except  a t  
t h e  extreme m a rg in s  ( f i g .  4 . 1 7 ) ,  where some i n v a s i o n  has  t a k e n  
p lace  d u r in g  t h e  y e a r s  of  lower r a i n f a l l  and hence lower f l o o d  
l e v e l s  i n  t h e  pans .  A f r i n g e  of t r e e s  and shrubs  u s u a l l y  
i n d i c a t e s  t h e  maximum l e v e l  of f l o o d i n g .  The pans g e n e r a l l y  
have a cover  of savanna g r a s s l a n d ,  t h e  a e r i a l  cover  v a r i e s  
from v e ry  h ig h ,  a f t e r  r a i n s ,  to  low, a t  d r i e r  p e r i o d s ,  a t  th e  
pans m a rg in s ,  w h i l e  c e n t r a l l y  th e  cover i s  u s u a l l y  low to  
a b s e n t .  The g r a s s l a n d  i s  c h a r a c t e r i s e d  by Enneopogon 
b r a c h y s t a c h u s , Sporobolus  sp i c a t u s  and Oropetium cape n s e , w i th  
a s c a t t e r i n g  of  s u f f r u c t i c o s e  v e g e t a t i o n  ( Leucosphaerea 
b a i n e s i i  and P l i n t h u s  k a r r o o i c u s ) (Buerger ,  1976 ) .  The s o i l s  
v a ry  from o l i v e  grey ( 5Y 4 / 2 )  sandy c l a y s ,  c e n t r a l l y  ( o f t e n  
w i th  p a t c h e s  of  s a l t  p r e c i p i t a t e ,  (7.5YR N8/0) ) ,  t o  l i g h t  grey 
(7.5YR 7 /0 )  t o  w h i t e  (lOYR 8 /1 )  compact sandy s o i l s  towards 
t h e  pan m a rg in s .
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The b o u n d a r ie s  of t h i s  component a r e  ve ry  c l e a r  from th e  
L an d sa t  imagery .  The m a j o r i t y  of th e  s m a l le r  pans and t h e  
o u t e r  p a r t s  of t h e  l a r g e r  pans,  a r e  c h a r a c t e r i s t i c a l l y  white  
to  v e ry  p a l e  b lu e ,  th e  r e s u l t  of very  high r e f l e c t a n c e s  i n  a l l  
wave bands,  r e l a t e d  g e n e r a l l y  to  h igh  amounts of  exposed s o i l .  
C e n t r a l l y ,  t h e  pans a r e  g r e y i s h  to  p u r p l i s h - b l u e ,  t h e  d a rk e r  
sandy c lay  m a t e r i a l  be ing  l e s s  r e f l e c t i v e  th a n  t h e  p a l e  sandy 
s o i l s  of  t h e  o u t e r  pan.
iv)  Pan f r i n g i n g  woodland and r e l a t e d  f e a t u r e s .  
S u r rounding  t h e  pans i s  o f t e n  a dense to  v e ry  dense f r i n g e  of 
low savanna woodland ( f i g .  4 . 1 7 ) ,  g rad ing  i n t o  low t r e e  and 
sh rub  savanna away from t h e  pans .  This  component i s  dominated 
by two A cacia  s p e c i e s ,  m e l l i f  e r a  ( a s s o c i a t e d  w i t h  . 
c a l c i u m - r i c h  s o i l s  a t  t h e  edges of pans,  d e p r e s s io n s  and 
c a l c r e t e  o u t c r o p s ,  ( F i e l d ,  197 6 ) ) ,  and A. t o r t i l l i s .
A s s o c i a t e d  s p e c i e s  i n c l u d e ,  A. e r u b e s c e n s , Combretum s p . , 
Grewia b i c o l o r . and %. p r u n i o i d e s , w i th  s c a t t e r e d  B. f o e t i d a , 
D. c i n e r e a  and T. s e r i c e a . Buerger (1976) d e s c r i b e s  l o c a l i s e d  
s t a n d s  of t h e  shrub  Catoph r a c t i s  a l e x a n d r i i  as  i n d i c a t i v e  of 
n e a r  s u r f a c e  c a l c r e t e  i n  t h i s  a r e a .  C a l c r e t e  i s  exposed a t  
t h e  pan m arg in s  i n  a number of p l a c e s ,  fo r  example a t  Tale  
pan,  where smal l  c l i f f  f e a t u r e s  a r e  found.  Some pans have 
slowly  been  c o l o n i s e d  by woody v e g e t a t i o n  and a r e  slowly 
r e v e r t i n g  t o  low t r e e  and sh rub  savanna,  t h e  c h a r a c t e r i s t i c  
f r i n g e  of woodland rem a ins  a s  ev idence  of t h e i r  e x i s t e n c e ,  and 
can  be seen  c l e a r l y  on a i r  pho tographs  and t o  some e x t e n t  on 
t h e  L a n d s a t  imagery .  The s o i l s  a r e  sandy,  v a ry in g  i n  co lour 
from brown (lOYR 5 /3 )  t o  l i g h t  brownish grey (lOYR 6 / 2 . 5 ) .
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This  component i s  c h a r a c t e r i s t i c a l l y  da rk  brown on th e  
imagery ( s e e  t e r r a i n  type c) component i i i ) .
h) Upland Zone.
This  t e r r a i n  type was n o t  surveyed  i n  any d e t a i l  du r ing  
t h e  1983 f i e l d  su rv e y .  D e s c r i p t i o n  of th e  ground 
c h a r a c t e r i s t i c s  a r e  based on t h e  work of Buerger  (1976) and 
Cole ( p e r s .  comm.).
Outcrops  of t h e  Kgwebe f o rm a t io n  ( q u a r t z - f e l d s p a r
porphyry and d ia b ase  (H utch ins  e t  1 9 7 5 ) ) ,  form th e  h igh
south
ground of  t h e  Kgwebe H i l l s / e a s t  of Lake Ngami. The m a j o r i t y  
of t h e  f o r m a t io n  i s ,  however, covered  by K a la h a r i  sands ,  
forming a r o l l i n g  t o  u n d u l a t i n g  up land  to pography .  Although 
th e  u n d e r l y i n g  geology i s  b u r i e d ,  ev idence of i t s  s t r u c t u r e  i s  
e v i d e n t  from L an d sa t  imagery ,  t h e  gene ra l  t r e n d  i s  n o r t h  e a s t  
-  sou th  w e s t .  This  i s  i s  p robab ly  r e l a t e d  t o  changes i n  
v e g e t a t i o n  cover .  Cole (1982b) d e s c r i b e s  a s i m i l a r  s i t u a t i o n  
a t  t h e  Ngwenalekau H i l l s  t o  t h e  south  of t h e  Kgwebe H i l l s ,  
where " . . . d e s p i t e  th e  cover  of K a la h a r i  sand and c a l c r e t e ,  t h e  
P r o t e r o z o i c  sed im en ta ry  sequence t h a t  h o s t s  t h e  copper d e p o s i t  
can  be d e l i n e a t e d  . . . d i s t i n c t i v e  s p e c t r a l  r e f l e c t a n c e s  
d i s c r i m i n a t e  between t h e  v e g e t a t i o n  over  t h e  copper d e p o s i t  
and t h a t  over a d j a c e n t  b a r r e n  bedrock .  " .  Sand r i d g e s ,  
c h a r a c t e r i s t i c  of  t h e  Sandveld  t o  t h e  w e s t ,  ex tend  i n t o  t h i s  
t e r r a i n  t y p e ,  s een  super imposed over  t h e  p a t t e r n s  r e l a t e d  t o  
t h e  u n d e r l y i n g  g e o l o g i c a l  s t r u c t u r e ,  on t h e  L andsa t  imagery 
( f i g .  4 .15) .
i )  Kgwebe H i l l s ,  low t r e e  and shrub  savanna.  The h i l l s  a r e
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i n  t h e  form of r e l i c  i n s e l b e r g s ,  w i th  a v e g e t a t i o n  cover of 
low t r e e  and sh rub  savanna,  dominated by Combr etum ap icu la tum 
and t h e  shrub  G. b i c o l o r . A ss o c i a te d  s p e c i e s  i n c l u d e ,  
e r u b e s c e n s . Commiph o r a  pyr a c a n t h o i d e s  and Markhania acu m in a ta . 
The p r e v a i l i n g  g r a s s  s p e c i e s  i s  E r a gr o s t i s  sup e r b a . w i th  
S t i pagr o s t i s  un ip lum is  where p a t c h e s  of deep sand cover  have 
acc um ula ted .  The s o i l s  formed over th e  q u a r t z  porphyry a re  
r e d d i s h  brown (5YR 4 / 4 ,  m o is t )  in  c o lo u r .  Cole ( p e r s .  comm.) 
n o t e s  t h e  p resence  of a t r e e  of t h e  genus K i r k i a . as  
i n d i c a t i v e  of q u a r t z  porphyry ou tc ro p s  i n  t h i s  a r e a .
The h i l l s  a r e  d e t e c t a b l e  on t h e  imagery as marked r e l i e f  
f e a t u r e s  from th e  e f f e c t  of th e  r e f l e c t a n c e  p a t t e r n s  caused  by 
shadows.  The r ed  s o i l  g iv e s  t h e  imagery a d i s t i n c t i v e  dark  
g r e e n  c o l o u r ,  due to  h igh  r e f l e c t a n c e  i n  IBS band 5.
i i )  Upland low t r e e  and shrub  savanna.  The r o l l i n g  t o  
u n d u l a t i n g  topography i s  has  a cover  of t r e e s  and shrubs 
c h a r a c t e r i s e d  by A. m e l l i f e r a . Karoo and A. n e b ro w n i i . 
Catoph r a c t  i s  a l  exandr i  and D. c i n e r e a . S t ipagr o s t i s  u n i plumis  
i s  t h e  dominant g r a s s  s p e c i e s .
The co lou r  on t h e  imagery v a r i e s  from dark  (g rey)  g reen ,  
t o  da rk  b lu e ,  t o  p a l e  g rey .  The g reen  c o lo u r s  may be r e l a t e d  
t o  r e d d i s h  s o i l  d e r iv e d  from t h e  u n d e r ly in g  ro c k .
i i i )  Sand r i d g e  w i th  low t r e e  and shrub  savanna.  These 
a r e  an  e x t e n s i o n  of t e r r a i n  type f )  i ) , i n t o  t h i s  t e r r a i n  
t y p e ,  t h e  d e s c r i p t i o n  i s  t h e  same.
150
4 .9  D i s c u s s i o n  of th e  use of Landsa t  MSS d a t a  f o r  t e r r a i n  
a n a l y s i s .
4 . 9 . 1  I n t r o d u c t i o n .
The use of L andsa t  MSS d a t a  f o r  mapping and 
c l a s s i f i c a t i o n  of  n a t u r a l  t e r r a i n  i s  seen  t o  have a number of 
adv an tag es  over  c o n v e n t io n a l  methods i n v o l v in g  t h e  use of 
a e r i a l  photography and /o r  ground su rvey .  However, c e r t a i n  
l i m i t a t i o n s  were  a p p a r e n t ,  i n  p a r t i c u l a r  w i th  r e g a rd  t o  t h e  
use of computer  a id e d  c l a s s i f i c a t i o n  p ro c e d u re s .
4 . 9 . 2  Advantages of  L an d sa t  MSS d a t a .
L andsa t  d a t a  can p rov ide  a sy n o p t i c  view of a l a r g e  
t a r g e t  a r e a  (a s i n g l e  scene i s  app rox im ate ly  185 km x 185 km).  
The d i g i t a l  format i n  which t h e  i n d i v i d u a l  scene e lements  
( p i x e l s )  a r e  r e c o r d e d ,  means d i r e c t  compar isons  of r e f l e c t a n c e  
l e v e l s  can be made between any two i n d i v i d u a l  p i x e l s  over th e  
whole  scene .  Th is  avo ids  t h e  t h e  problems a s s o c i a t e d  w i th  
compar ison  of p a r t i c u l a r  f e a t u r e s  on a e r i a l  pho tog raphs ,  where 
to n e s  (and c o l o u r s )  o f t e n  v a ry  between i n d i v i d u a l  pho to graphs ,  
as  w e l l  as  problems of  j o i n i n g  pho tographs  t o g e t h e r  to  make 
m o s a i c s .  I f  two or more L an d sa t  scenes  a r e  used ,  computer 
programs a r e  a v a i l a b l e  f o r  'm e r g i n g '  th e  d i g i t a l  d a t a  s e t s .  
L andsa t  d a t a  can a l s o  be d i g i t a l l y  c o r r e c t e d  t o  f i t  v a r i o u s  
map g r i d s  w here  a p p r o p r i a t e ,  u s ing  a v a i l a b l e  ' g e o m e t r i c  
c o r r e c t i o n '  programs.
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L andsa t  imagery can be reproduced  a t  a v a r i e t y  of s c a l e s  
w i t h i n  t h e  l i m i t s  of th e  d a t a  r e s o l u t i o n .  This  a l low s  ease  of 
compari son w i th  o t h e r  forms of d a t a .  At a c e r t a i n  p o i n t ,  due 
t o  t h e  s i z e  of t h e  i n d i v i d u a l  p i x e l s ,  i t  w i l l  become 
i n a p p r o p r i a t e  to  f u r t h e r  en la rg e  th e  s c a l e  of t h e  imagery.  
However, t h e  r e s o l u t i o n  was f i n e  enough to  a l low  comparison 
w i th  1 :50  000 a e r i a l  pho tographs  dur ing  t h i s  s tudy .
By r e c o r d i n g  v a r i a t i o n s  i n  re sponse  of ground f e a t u r e s  t o  
s e l e c t e d  p a r t s  of  t h e  e l e c t r o m a g n e t i c  spec trum,  t h e  L andsa t  
system p ro v id e s  t h e  o p p o r t u n i t y  fo r  g r e a t e r  d i s c r i m i n a t i o n  of 
t h e s e  f e a t u r e s  from one a n o t h e r ,  t h a n  c o n v en t io n a l  a e r i a l  
pho tography .  The d i g i t a l  format  of t h e  d a t a  a l lo w s  a wide 
range  of com bina t ions  of  band v a l u e s  t o  be used ( f o r  co lour  
co m p o s i te s ,  band r a t i o s ,  P r i n c i p a l  Components A n a ly s i s  and 
o t h e r  m a th em a t ic a l  o p t i o n s )  and enhancements of  t h e  r e s u l t a n t  
images t o  be made. This  c a p a b i l i t y  p ro v id e s  t h e  o p p o r tu n i ty  
t o  t e s t  new methods of  t e r r a i n  a n a l y s i s ,  based on s p e c t r a l  
r e s p o n s e  p a t t e r n s ,  as  opposed t o  t h e  c o n v en t io n a l  use of 
topography as t h e  main d e f i n i t i v e  c h a r a c t e r i s t i c  used  i n  t h e  
l a n d  sys tems  approach .  In  t h e  case of t h e  p r e s e n t  s tudy ,  t h e  
use of v e g e t a t i o n  p a t t e r n s  (mapped frcm s p e c t r a l  r e sponse  
p a t t e r n s )  p ro v id e d  t h e  major  d e f i n i t i v e  c h a r a c t e r i s t i c  f o r  
t e r r a i n  a n a l y s i s .
The f requency  of d a t a  a v a i l a b i l i t y  from L andsa t  i s  h igh  
( t h e  s a t e l l i t e  p a s s e s  t h e  same p o s i t i o n  on t h e  e a r t h ' s  su r f a c e  
once every  18 d a y s ) ,  when i n  range of a ground r e c e i v i n g  
s t a t i o n .  A e r i a l  p h o to g ra p h ic  surveys  w i t h i n  i n d i v i d u a l  
c o u n t r i e s  a r e  g e n e r a l l y  much l e s s  f r e q u e n t ,  e s p e c i a l l y  in
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' d e v e l o p i n g  n a t i o n s '  such as Botswana ( s in c e  th e  launch of th e  
f i r s t  L an d sa t  s a t e l l i t e  i n  1972,  t h e  whole of t h e  p resen t ,  
s tudy a r e a  has  been photographed tw ic e ,  w h i le  p a r t s  of i t  were 
i n c lu d e d  i n  two o t h e r  s u r v e y s ) .  The f requency  of Landsa t  d a ta  
a v a i l a b i l i t y  p ro v id e s  t h e  o p p o r tu n i ty  t o  b u i l d  a m u l t i  temporal  
d a t a  s e t ,  co v e r in g  a range  of ground c o n d i t i o n s  ( s e a s o n a l l y ,  
and between y e a r s ) .  Mul t i  temporal  d a ta  s e t s  f a c i l i t a t e  long  
te rm  m o n i to r in g  of  e n v i ro n n e n ta l  change i n  n a t u r a l  t e r r a i n .
The c o s t  b e n e f i t  of u s in g  L an d sa t  da ta  a g a i n s t  o t h e r  
forms i s  d i f f i c u l t  t o  c a l c u l a t e .  The cos t  w i l l  depend upon a 
number of f a c t o r s ,  both env i ronm enta l  and l o g i s t i c a l .  For 
example,  a c c e s s  w i t h i n  t h e  t a r g e t  a r e a  f o r  o t h e r  forms of 
survey or  d a ta  g a t h e r i n g  connec ted  t o  a L andsa t  based su rvey ,  
th e  e x p e r t i s e  and a v a i l a b i l i t y  of s t a f f  in vo lved  i n  survey and 
d a t a  p r o c e s s i n g / a n a l y s i s ,  t h e  type of d a t a  p r o c e s s i n g  systems 
a v a i l a b l e .  The c o s t  of t h e  raw Landsat  d a ta  i s  p r e s e n t l y  low, 
r e l a t i v e  to  a e r i a l  su rv ey s ,  however, i f  t h e  system should 
become a commercial  conce rn  ( a s  opposed t o  i t s  p r e s e n t  
e x p e r i m e n t a l  s t a t u s ) ,  t h i s  s i t u a t i o n  may change.  This  would 
be e s p e c i a l l y  c r i t i c a l  fo r  ' d e v e l o p i n g  c o u n t r i e s '  (Mackenzie,  
1984 ) .
4 . 9 . 3  C o n s t r a i n t s  on t h e  use of Landsa t  MSS d a t a .
L andsa t  d a t a  cannot  be used i n  i s o l a t i o n ,  o t h e r  forms of 
d a t a  a r e  e s s e n t i a l  fo r  v e r i f i c a t i o n  of s a t e l l i t e  image 
i n t e r p r e t a t i o n .  Th is  can be i n  t h e  form of ground su rvey ,  
a e r i a l  photography and p u b l i s h e d  m a t e r i a l ,  e s p e c i a l l y  maps.
Of t h e s e ,  ground d a t a  i s  p robab ly  t h e  most im por tan t  and
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r e l i a b i l i t y  of t h e  d a t a  w i l l  s t r o n g l y  a f f e c t  t h e  
i n t e r p r e t a t i o n  of t h e  s a t e l l i t e  da ta  and t h e  i n t e r p o l a t i o n  of 
t h e  r e s u l t s  i n t o  a r e a s  no t  covered i n  t h e  f i e l d  ( J u s t i c e  and 
T o w n s h ^ ,  198 1 a ) .  F i e l d  exp e r i e n c e  i s  a l s o  l i k e l y  t o  i n c r e a s e  
th e  acc u racy  of d a t a  i n t e r p r e t a t i o n ,  G i s l a d o t t i r  (1983) has  
shown t h i s  i n  t h e  case  of a e r i a l  photograph i n t e r p r e t a t i o n ,  
and he  c o n s i d e r s  f i e l d  e x p e r i e n c e  e s s e n t i a l  f o r  image 
i n t e r p r e t a t i o n .
D i f f i c u l t i e s  a r i s e  i n  t h e  use of Landsa t  d a t a  i f  
s e p a r a t i o n  of  t e r r a i n  f e a t u r e s  i s  simply based on d i f f e r e n c e s  
i n  r e f l e c t a n c e  l e v e l s ,  even when m u l t i p l e  band d a t a  i s  used .  
Th is  i s  e s p e c i a l l y  a problem a s s o c i a t e d  w i th  t h e  use of 
computer a id e d  c l a s s i f i c a t i o n  p ro c e d u re s .  These p rocedures  
a r e  unab le  to  d i s t i n g u i s h  between d i f f e r e n t  ground f e a t u r e s  on 
t h e  b a s i s  of  t e x t u r e ,  shape ,  r e l a t i v e  s i z e  and p o s i t i o n  of 
image f e a t u r e s .  Th is  means t h a t  a t  p r e s e n t ,  v i s u a l  
c l a s s i f i c a t i o n ,  u s in g  s i m i l a r  t e c h n iq u e s  t o  t h a t  of 
c o n v e n t io n a l  a e r i a l  p h o to g rap h ic  a n a l y s i s ,  i s  e s s e n t i a l  t o  t h e  
a n a l y s i s  of  n a t u r a l  t e r r a i n .  The computer a ided  
c l a s s i f i c a t i o n s  may be u s e f u l  in  p r o v i s i o n a l  a n a l y s i s  of t h e  
d a t a  p r i o r  t o  d e t a i l e d  v i s u a l  i n t e r p r e t a t i o n  and 
c l a s s i f i c a t i o n .
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2 '  Mapping Woody Vegeta t i o n  u s ing  L andsa t  MSS Data:
A P o t e n t i a l  Range Management Tool .
5.1 I n t r o d u c t i o n .
E a r ly  r e s e a r c h  i n t o  t h e  use of m u l t i s p e c t r a l  s a t e l l i t e  
d a t a  f o r  r a n g e la n d  r e s o u r c e  e v a l u a t i o n  was ma in ly  c a r r i e d  out  
i n  n o r th  America. The work focused  p r i m a r i l y  on herbaceous  
l a y e r  v e g e t a t i o n  ( p r i n c i p a l l y  g r a s s e s )  and t r i e d  t o  develop  
methods of measur ing  such f a c t o r s  as  t h e  s t a n d in g  biomass 
(P e a r s o n  and M i l l e r ,  1972; Carneggie £ t  a l . , 1975; Haas e_t 
a l . ,  1975; S e e v e r s  e t  a l . ,  197 5 ) .  Recent r e s e a r c h  i n  A f r i c a  
has  t e n d ed  t o  fo l l o w  t h i s  p a t t e r n  (Lane,  1972; G r i f f i t h s  and 
C o l l i n s ,  1983; van  G i l s  and van  Wijngaarden ,  1983) o r  
c o n c e n t r a t e d  on more g en e ra l  su rveys  of t o t a l  v e g e t a t i o n  cover 
( M i t c h e l l ,  1981; A l l e n  and R ic h a rd s ,  1983; Vass,  1983) .  The 
woody component ( t r e e s  and s h r u b s ) ,  i n  terms of i t ' s  r o l e  i n  
r a n g e l a n d  use and management,  has  l a r g e l y  been ig n o red  i n  
remote  s e n s in g  s t u d i e s .  Some measurement of woody cover has 
been  i n c l u d e d  i n  s t u d i e s ,  i n  o r d e r  to  be a b l e  to  remove i t ' s  
c o n t r i b u t i o n  t o  t h e  t o t a l  v e g e t a t i o n  (Lane,  1982) .  However, 
t r e e  and sh rub  s p e c i e s  form an im por tan t  component of of th e  
v e g e t a t i o n  i n  many a r e a s  of  s e m i - a r id  r a n g e l a n d  i n  A f r i c a .
The e f f e c t  of woody v e g e t a t i o n  on range q u a l i t y  has both, 
n e g a t i v e  and p o s i t i v e  c h a r a c t e r i s t i c s .  For example,  
encroachment  of u n d e s i r a b l e  woody v e g e t a t i o n  i n t o  a r e a s  of 
g r a s s l a n d  savanna i s  r e g a rd e d  as  a problem over  much of 
A f r i c a ;  Kowal and Kassan (1978) ,  no te  a n a t u r a l  tendency fo r  
savanna g r a s s l a n d  ( i n  w es t  A f r i c a )  t o  be invaded  by woody
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s p e c i e s .  Van Rensburg (1971a) d e s c r i b e s  encroachment as  one 
of t h e  major  problems of g r a s s l a n d  d e t e r i o r a t i o n  i n  sou th e rn  
A f r i c a .  However c e r t a i n  woody s p e c i e s  may be b e n e f i c i a l  to 
range  q u a l i t y ,  p ro v id in g  browse and shade.
5 .2  The importance  of woody v e g e t a t i o n  i n  savanna r a n g e l a n d .
5 . 2 .1  Bush encroachment.
Bush encroachment i s  o f t e n  a s s o c i a t e d  w i th  i n c r e a s e s  i n  
s t o c k i n g  r a t e ,  hence g r a z in g  p r e s s u r e  ( F i e l d ,  1978) ,  
" D e f o l i a t i o n  of th e  g r a s s e s  g r e a t l y  reduces  t h e i r  r o o t  
a c t i v i t y ,  e s p e c i a l l y  w i th  r e g a r d  t o  growth and w a te r  
a b s o r p t i o n .  Under a g r a z i n g  reg im e,  t h e r e f o r e ,  the  
c o m p e t i t i o n  between p l a n t s  f o r  th e  l i m i t e d  amount of a v a i l a b l e  
s o i l  m o i s t u r e  swings i n  favou r  of th e  l i t t l e  g razed  or  
ungrazed  woody p l a n t s . "  (M ar t in ,  1971 ) .  Invad ing  woody 
v e g e t a t i o n  a l s o  competes f o r  v a l u a b l e  space and n u t r i e n t s ,  as  
w e l l  as  m o i s t u r e .  In  Botswana,  in vad ing  s p e c i e s  a r e  o f t e n  
poor i n  te rms of browse v a l u e ,  fo r  example Acacia  t o r t i l  i s ,
^  m e l l i f e r a  and A. f l e c k i i  (T im ber lake ,  1980) .
There i s  ev idence  t o  sugges t  t h a t  i n c r e a s e d  woody cover  
l e a d s  t o  a d e c re a se  i n  g r a s s  cover .  Donaldson and Kelk (197 3) 
c l a im  t h a t  i n  t h e  Molapo a r e a  of Cape Province  (South A f r i c a ) ,  
y i e l d s  of hay from p a s t u r e  w i t h  1071 bushes  pe r  h e c t a r e  was 
on ly  10% of y i e l d s  frcnn p a s t u r e  w i th  no bushes .  Van Rensburg 
(1 9 7 1 b ) ,  working i n  Botswana,  observed  t h a t  where bush cover 
was 34%, a s s o c i a t e d  b a r e  tr am pled  ground was 30%, in  
compar ison  w i t h  woodland w i th  2.5% bush cover and 2.5%
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a s s o c i a t e d  ba re  ground.  Sandford  (1983) compares two 
s i t u a t i o n s  i n  e a s t  A f r i c a ,  t h e  bush dominated Tsavo N a t iona l  
Park ,  Kenya, where only 18% of n e t  above ground pr imary  
p r o d u c t i o n  was consumed by mammals, even i n  d rought pe r iods  
and a s i m i l a r  a r e a  of g r a s s  dominated p a s t u r e ,  where s u s t a in e d  
y i e l d s  of between 50 and 70% of n e t  primary  p r o d u c t i o n  
o c c u r r e d .
However, o t h e r  s t u d i e s ,  w h i le  conf i rm ing  a n e g a t iv e  
r e l a t i o n s h i p  between g r a s s  cover  and woody cover ,  i n d i c a t e  th e  
r e l a t i o n s h i p  may be a weak one .  The Animal P ro d u c t io n  
Research  U n i t  (APRU) Botswana,  c o l l e c t e d  d a ta  from 20 ranches  
a c r o s s  t h e  coun t ry  ( i n c l u d i n g  T s e t s e k u ,  in  N gam i land) , which 
i n d i c a t e d  t h a t  f o r  every a d d i t i o n a l  7 2 t r e e s  or  shrubs per  
h e c t a r e  b a s a l  cover  of g r a s s e s  d ec re ase d  by 1% (APRU, 1975) .  
The c o r r e l a t i o n  c o e f f i c i e n t  f o r  th e  r e g r e s s i o n  was lex?, r  = -  
0 . 4 4 .  Lane (1981) working i n  Tanzan ian  s e m i - a r i d  r a n g e l a n d ,  
w i th  v a r i a b l e  t r e e  and shrub  cover  ty p e s ,  a l s o  found weak 
n e g a t i v e  c o r r e l a t i o n  between amounts of g r a s s  and woody cover  
( s e m i -d e c id u o u s  woodland,  r  = -  0 . 1 7 ;  dec iduous  bush land ,  r  = 
-  0 . 2 8 ;  t h o r n  s h ru b la n d ,  r  » -  0 . 5 6 ) .  G r i f f i t h s  and C o l l i n s  
( 1 9 8 3 ) ,  found a s  s i m i l a r  r e l a t i o n s h i p  f o r  s e m i - a r i d  r an g e l a n d  
i n  Kenya ( r  » -  0 . 5 4 ) .
5 . 2 . 2  Browse.
Some woody s p e c i e s  can p rov ide  v a l u a b l e  browse f o r  
l i v e s t o c k  and w i l d l i f e ,  fo r  example,  c e r t a i n  Acac ias  
(Leguminosae) a r e  o f t e n  r i c h  i n  p r o t e i n s  and n i t r o g e n ,  th e  
pods of  A. e r i o l o b a  a r e  g a th e r e d  and f e d  t o  c a t t l e  i n  Botswana
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d u r in g  dry p e r io d s  (T im ber lake ,  1980) .  Members of th e  genus 
G rew ia , a l s o  r e g a rd e d  a s  u s e f u l  browse,  were r e c o rd e d  a t  18 of 
20 r an ch e s  i n  Botswana (APRU, 1975 ) .  Deep r o o t e d  s p e c i e s  may 
remain  g r e e n  d u r in g  dry p e r i o d s ,  p ro v id in g  fo d d e r  f o r  
l i v e s t o c k .  F i e l d  o b s e r v a t i o n s  (APRU, 1980) i n d i c a t e  t h a t  
c a t t l e  p r e f e r  g r a s s  t o  browse,  r e s o r t i n g  t o  t h i s  only  when 
g r a s s  i s  u n a v a i l a b l e ,  t h e r e f o r e ,  where browse s p e c i e s  a r e  i n  
c o m p e t i t i o n  w i th  g r a s s e s ,  they may be r e g a rd e d  a s  u n d e s i r a b l e .
5 . 2 . 3  Shade.
Timber lake (1980) s t r e s s e s  t h e  impor tance of shade t r e e s  
f o r  l i v e s t o c k ,  however, t h e r e  i s  no ev idence  from Botswana 
(APRU, 1980) t o  i n d i c a t e  t h a t  c a t t l e  per formance d i f f e r s  
between th o s e  w i th  shade a v a i l a b l e  and th o s e  w i t h o u t .
5 . 2 . 4  Other  u s e s .
Woody p l a n t s  a r e  a l s o  im p o r ta n t  th roughou t  t h e  r a n g e l a n d  
a r e a s  of  A f r i c a  a s  a source  of f u e l  (N ic h o l ,  1983) and 
b u i l d i n g  m a t e r i a l s  f o r  t h e  l o c a l  p o p u l a t i o n s ,  in c lu d in g  
p a s t o r a l  i s t 8. Thorn bushes  a r e  u t i l i s e d  f o r  c a t t l e  proof 
f e n c i n g  and k r a a l s .
Given t h e  impor tance  of t r e e s  and s h ru b s ,  a method of 
m o n i to r in g  and mapping woody v e g e t a t i o n  over  l a r g e  t r a c t s  of 
r a n g e l a n d  would p rov ide  a u s e f u l  to o l  fo r  range  management and 
g e n e ra l  l a n d -u s e  p la n n in g  i n  deve lop ing  c o u n t r i e s .  I t  would 
a l s o  p rov ide  a p o s s i b l e  means of  m o n i to r in g  changes  i n  f u e l  
wood r e s o u r c e s ,  which form an im p o r ta n t  energy source  f o r  many 
c o u n t r i e s ,  i n c l u d i n g  Botswana.
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5.3 Mapping woody v e g e t a t i o n  us ing  L andsa t  MSS d a t a .
S tanda rd  a e r i a l  photography has been used t o  study  bush 
encroachment  (Wil l i amson  and Keech, 1983),  t h i s  in v o lv ed  
c o u n t in g  i n d i v i d u a l  t r e e s  i n  a number of sample p l o t s .
Mapping woody v e g e t a t i o n  i n  t h i s  manner i s  both  t ime consuming 
and l a b o u r i o u s .  The use of a d i g i t a l ,  remote ly  sensed  d a ta
source  would p rov ide  t h e  means of speed ing up t h e  o p e r a t i o n  by
- e l i m i n a t e
u s in g  computer  a n a l y s i s .  I t  would a l s o / e r r o r s  a s s o c i a t e d  w i th
t h e  t r a d i t i o n a l  use of a e r i a l  photograph mosaics ( s e e  s e c t i o n  
4 . 1 ) .  The L an d sa t  MSS system would p rov ide  t h e  coverage 
needed over  l a r g e  a r e a s  of  e x t e n s i v e  r a n g e la n d .  I t  a l s o  has  a 
number of ad van tages  a s s o c i a t e d  w i th  d i g i t a l ,  m u l t i s p e c t r a l  
d a t a  s e t s . T h e  fo l l o w i n g  d i s c u s s i o n  e v a l u a t e s  t h e  use of t h e  
MSS d a t a  f o r  t h e  measurement and mapping of woody v e g e t a t i o n .
The cho ice  of 'm easu rem en t '  used t o  a s s e s s  t h e  abundance 
of woody v e g e t a t i o n  w i l l  depend on t h e  s c a l e  a t  which t h e  d a t a  
was c o l l e c t e d .  I f  ground survey or l a rg e  s c a l e  a e r i a l  
p ho tog raphs  a r e  used  i t  i s  p o s s i b l e  to  measure t h e  ' d e n s i t y '  
of woody p l a n t s ,  t h e  number of p l a n t s  per  u n i t  a r e a .  This  
method was used i n  range  surveys  c a r r i e d  ou t  a t  T se t seku  ranch  
(APRU, 1 9 7 9 ) ,  based  on ground o b s e r v a t i o n s  f o r  n ine  q u a d r a t s  
(20m X 20m) . However, t h e  r e s o l u t i o n  of Landsa t  p i x e l s  i s  to o  
c o a r s e  t o  a l low  i d e n t i f i c a t i o n  of i n d i v id u a l  p l a n t s ,  a s i n g l e  
p i x e l  a r e a  may c o n t a i n  s e v e r a l  hundred t r e e s  and shrubs  i n  t h e  
case  of sandve ld  v e g e t a t i o n .  As w e l l  as  L andsa t  d a t a ,  1:50 
000 a e r i a l  photography was a v a i l a b l e  f o r  t h e  study a r e a ,  i n  
t h i s  c a s e ,  only  w idely  spaced t r e e s  and shrubs w i th  l a rg e  
c a n o p ie s  were  v i s i b l e  as  i n d i v i d u a l s .  I t  i s  on ly  on 1:10 000
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photography (o f  l i m i t e d  a r e a ,  in c lu d in g  T s e t sek u  r an ch )  t h a t  
smal l  s h ru b s ,  of l e s s  t h a n  one m e t re  i n  d i a m e t e r , were v i s i b l e .  
Measurement of ' c o v e r ' ,  t h e  p r o p o r t i o n  of t h e  ground occupied  
by p e r p e n d i c u l a r  p r o j e c t i o n  on t o  i t  of th e  a e r i a l  p a r t s  of 
t h e  v e g e t a t i o n  (G re ig -S m i th ,  1957) ,  p ro v id e s  a more u s e fu l  
measure g iven  t h e  form of L andsa t  d a t a .
In  te rms of  range  management, th e  measurement of cover
has  an  advan tage  over  d e n s i t y ,  by p ro v id in g  an  e s t i m a t e  of
of
la n d  made u n a v a i l a b l e  f o r  g r a z i n g  by th e  presence^woody 
v e g e t a t i o n .  However, cover cannot  prov ide  an  exac t  
measurement of u n a v a i l a b l e  l a n d ,  as  t h e  s t r u c t u r e  of th e  woody 
v e g e t a t i o n  must be ta k e n  i n t o  a c c o u n t .  Grass may be a v a i l a b l e  
benea th  a m a tu re  t r e e  cover ,  but no t  benea th  shrub  c o v e r .
The amount of woody cover  cannot  be measured  d i r e c t l y  
from L a n d s a t  d a t a ,  but a r e l a t i o n s h i p  between t h e  amount of 
cover  and some measure of r e f l e c t a n c e  i s  r e q u i r e d  t o  p rov ide  a 
means of  e s t i m a t i n g  t h i s .  I n v e s t i g a t i o n s  i n t o  a wide range  of 
r e l a t i o n s h i p s  between v e g e t a t i o n  pa ram e te r s  and r e f l e c t a n c e  
c h a r a c t e r i s t i c s  have been made ( J en s en ,  1983) .  Research has  
g e n e r a l l y  c o n c e n t r a t e d  on t h e  r e l a t i o n s h i p  between h e a l th y  
g reen  v e g e t a t i o n  and t h e  v i s i b l e  r e d  and t h e  n ea r  i n f r a r e d  
wav e l e n g h t s .  Lane (1982) t e s t e d  i n d i v i d u a l  Landsa t  bands and 
band r a t i o s  a g a i n s t  v e g e t a t i o n  cover (woody and h e r b a c e o u s ) ,  
f o r  s e m i - a r i d  r a n g e l a n d  i n  Tanz an ia .  He ranked  t h e  u s e f u l n e s s  
of  t h e  r e l a t i o n s h i p s ;  he c o n s id e re d  t h e  fou r  b e s t  
r e l a t i o n s h i p s  t o  be ;  MSS band 7/5  r a t i o ,  ( 7 - 5 ) /(7+5) index,  
MSS band 5,  and MSS band 7,  in  descending  o r d e r  of u s e f u l n e s s .  
However, t h e  b e s t  r e l a t i o n s h i p s ,  those  between 7/5  r a t i o  and
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t h e  cover  p a r a m e te r s ,  were poor ( r  = < 0.22  fo r  both  woody and 
he rb ac eo u s  c o v e r ) .  L a n e ' s  r e s u l t s  may have been a f f e c t e d  by 
th e  wide v a r i a t i o n  i n  env i ronm en ta l  c o n d i t i o n s  i n  t h e  twenty 
t r a n s e c t s  su rveyed .  These v a r i e d  from a r e a s  of brown 
w e l l - d r a i n e d  loam s o i l s  t o  a r e a s  of b l a c k  c l a y s  and grey sandy 
c l a y s ,  a l l  w i th  d i s t i n c t i v e  v e g e t a t i o n  t y p e s .  When he  t e s t e d  
t h e s e  s o i l / v e g e t a t i o n  a s s o c i a t i o n s  i n d i v i d u a l l y ,  t h e  r e s u l t s  
d i s p l a y e d  even  l e s s  c o r r e l a t i o n .  G r i f f i t h s  and C o l l i n s  
( 1 9 8 3 ) ,  working i n  n o r t h e r n  Kenya, found a n e g a t iv e  
c o r r e l a t i o n  between n o n -g re e n  canopy cover and r e f l e c t a n c e  i n  
L a n d s a t  MSS band 5 ( r  * - 0 . 6 ) ,  they sugges ted  t h i s  was t h e  
r e s u l t  of t h e  woody v e g e t a t i o n  masking h igh  s o i l  r e f l e c t a n c e s .
In  t h e  p r e s e n t  s tu d y ,  t h e  t a r g e t  a r e a  was s p e c i f i c a l l y  
s e l e c t e d  t o  minim ise  th e  a f f e c t s  of  wide v a r i a t i o n s  i n  
e n v i ro n m en ta l  c o n d i t i o n s .  One of t h e  t e r r a i n  ty p e s  i d e n t i f i e d  
d u r in g  t h e  p r o v i s i o n a l  t e r r a i n  a n a l y s i s  of t h e  main study  
a r e a ,  was s e l e c t e d .  This  r e s t r i c t e d  i n i t i a l  sampling and 
a n a l y s i s  t o  an  a r e a  d i s p l a y i n g  a n  i n t e r n a l l y  c o n s i s t e n t  s u i t e  
of s p e c t r a l  r e sponse  c h a r a c t e r i s t i c s ,  which a r e  a s s o c i a t e d  
w i t h  p a r t i c u l a r  s o i l ,  v e g e t a t i o n  and o t h e r  l andscape  f e a t u r e s  
( s e c t i o n  4 . 1 ) .
The p r o v i s i o n a l  t e r r a i n  type ' c l a s s  6 '  ( t h e  ' K a l a h a r i  
S andve ld '  t e r r a i n  type  of t h e  f i n a l  t e r r a i n  a n a l y s i s  
c l a s s i f i c a t i o n )  was chosen .  This  t e r r a i n  type covered a l a rg e  
p a r t  of th e  main s tudy a r e a ,  and encompassed a r e a s  
t r a d i t i o n a l l y  a s s o c i a t e d  w i th  c a t t l e  r e a r i n g  ( t h e  B o t e t i  and 
Nghabe R iv e r  z o n e s ) ,  and t h e  Haina Veld,  an a r e a  of proposed 
e x p a n s io n  of c o n t r o l l e d  r a n c h i n g  (UNDP/FAO, 1977) .
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D e t a i l e d  ground d a t a  was c o l l e c t e d  a t  T se t seku  r a n c h ,  to  
p rov ide  i n f o r m a t i o n  on v e g e t a t i o n  com pos i t ion  and s t r u c t u r e ,  
s o i l ,  and topography .  An u n d e r s t a n d in g  of th e se  f a c t o r s ,  in  
te rms of  t h e i r  e f f e c t  on t h e  s p e c t r a l  r e s p o n s es  r e c o rd e d  by 
th e  L an d sa t  system, was im p o r t a n t .  I t  was e s s e n t i a l  to  
e l i m i n a t e  any f a c t o r s  which may have a f f e c t e d  an  o th e rw is e  
u s e f u l  r e l a t i o n s h i p  between woody cover  and a r e f l e c t a n c e  
v a r i a b l e ,  fo r  example 'shadow e f f e c t s '  caused by changes i n  
t o p o g r a p h y . Changes i n  t h e  com posi t ion  of t r e e  and shrub 
s p e c i e s  migh t  a l s o  r e s u l t  i n  s i g n i f i c a n t  changes  i n  re sponse  
v a l u e s .  The v e g e t a t i o n  d a t a  would a l s o  p rov ide  i n f o r m a t io n  on 
such m a t t e r s  a s  t h e  browse v a lu e  of t h e  sandve ld  v e g e t a t i o n
and w h e th e r  t h i s  v a r i e d  i n  space .  This  type of i n fo rm a t io n
cou ld  be used  t o  make more d e t a i l e d  a s s e s sm e n ts  of th e  use of
t h e  L an d s a t  d a t a  f o r  range  e v a l u a t i o n .  Because of problems of
a c c e s s i b i l i t y ,  t h e  ground survey  was n o t  used t o  sample woody 
cover  v a l u e s .  The 1:50 000 a e r i a l  photography of t h e  study  
a r e a  was used t o  o b t a i n  e s t i m a t e s  of woody cover v a l u e s .
These v a l u e s  were  used a s  t h e  main t e s t  of th e  r e l a t i o n s h i p  
between t r e e  and sh rub  cover  and L an d sa t  MSS d a t a  v a l u e s .  The 
ground d a t a ,  t o g e t h e r  w i t h  a n a l y s i s  of 1 :10  000 a e r i a l  
photography  of T s e t sek u  r a n c h ,  were used t o  check t h e  cover 
d a t a  o b t a i n e d  from t h e  1 ;50  000 a e r i a l  pho tography.
I t  shou ld  be no ted  t h a t  t h e  g reen  l e a v e s  of bo th  woody 
v e g e t a t i o n  and he rbaceous  l a y e r  v e g e t a t i o n  a r e  l i k e l y  to  
produce v e ry  s i m i l a r  s p e c t r a l  r e sponse  cu rv es .  This  w i l l  
a f f e c t  any measurement of woody cover  based on r e f l e c t a n c e  
d a t a .  This  problem was overcome i n  t h e  p r e s e n t  s tudy by
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s e l e c t i v e  t im ing  of  d a ta  c o l l e c t i o n  a t  a l l  l e v e l s .  The 
L a n d s a t ,  a e r i a l  p h o to g ra p h ic  and ground da ta  used i n  t h e  study 
were a l l  c o l l e c t e d  d u r in g  t h e  p e r io d  of th e  y e a r  i n  which 
g r a s s  cover  was d e c l i n i n g  t o  i t s  low es t  l e v e l ,  i n  J u l y  (APRU, 
1975) ,  w h i le  t h e  deeper  r o o t i n g  woody v e g e t a t i o n  s t i l l  had a 
canopy of  g r e e n  l e a v e s .  The d rought c o n d i t i o n s  a f f e c t i n g  
s o u t h e r n  A f r i c a  d u r ing  t h e  e a r l y  1980' s  added t o  t h e  e f f e c t ,  
w i th  i n c r e a s e d  demand by c a t t l e  f o r  the  rem a in ing  g r a s s  cover .  
By t h e  t ime of ground d a t a  c o l l e c t i o n  (A p r i l  -  J u n e ) ,  t h e  only 
h e a l t h y ,  g reen  g r a s s  cover  rem a in ing ,  was t h a t  p r o t e c t e d  
benea th  dense shrub c o v e r .  Any r e f l e c t a n c e  from g r a s s  cover 
benea th  woody v e g e t a t i o n ,  i f  i t  was a b l e  to  p e n e t r a t e  th e  
canopy,  would e f f e c t i v e l y  be c o n t r i b u t i n g  t o  t h e  r e sp o n se  of 
t h e  woody co v e r .
5 .4  T s e t s e k u  Ranch ground i n v e s t i g a t i o n  s i t e .
5 . 4 . 1  I n t r o d u c t i o n .
T s e t sek u  ranch  i s  l o c a t e d  ap p ro x im a te ly  t h i r t y  k i l o m e t r e s  
so u th -w e s t  of Maun and t e n  k i l o m e t r e s  o f f  t h e  main Maun-Toteng 
ro ad  a t  Gwexwa. I t  l i e s  a t  an  a l t i t u d e  of 930m above sea 
l e v e l .  The ranch  i s  run  by t h e  Animal P ro d u c t io n  Research 
U n i t  (APRU) M i n i s t r y  of A g r i c u l t u r e  (Botswana) .  The ranch  i s  
s i t u a t e d  on t h e  boundary of two of t h e  t e r r a i n  ty p e s  
i d e n t i f i e d  d u r in g  t h e  t e r r a i n  a n a l y s i s ,  t h e  K a la h a r i  Sandveld 
and t h e  R i v e r i n e  Zone.  The m a j o r i t y  of t h e  ranch  a r e a  i s  
s an d v e ld ,  w i th  r i v e r i n e  f r i n g e  woodland and molapo g r a s s l a n d  
e l e m e n t s  o c c u r r i n g  on ly  along t h e  n o r th -w e s t  boundary fence 
( f i g .  5 . 1 ) .
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Fig. 5.1 T setseku Ranch ground survey site.
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T se t sek u  ranch  and t h e  su r round ing  common ra n g e la n d  was 
chosen  a s  t h e  s i t e  f o r  d e t a i l e d  ground d a t a  c o l l e c t i o n  f o r  a 
number of r e a s o n s :
a)  I t  p rov ided  a r e p r e s e n t a t i v e  s i t e  w i t h i n  t h e  t e r r a i n  
type  chosen  f o r  a n a l y s i s ,  t h e  K a la h a r i  Sandveld type 
( p r o v i s i o n a l  c l a s s  7 ) .
b) The landuse  of t h e  ranch  and i t ' s  su rround ings  was 
r a n g e l a n d  f o r  c a t t l e  p ro d u c t i o n .
c)  Data  from range  m o n i to r in g  surveys  a t  th e  ranch  was 
a v a i l a b l e  f o r  t h e  p e r io d  of  th e  197O's (APRU, 1975,  1978,
197 9,  per  s .  comm. ) .
d) Fence and o u t l i n e s  a s s o c i a t e d  w i th  th e  ranch  and 
s u r r o u n d in g  communal l and  p ro v id ed  a framework f o r  ground d a ta  
sampl ing and f o r  subsequen t  r e l o c a t i o n  of s i t e s  on t h e  a e r i a l  
p h o to g ra p h y .
e)  Colour a e r i a l  photography a t  1 :10  000 ( l i m i t e d  t o  t h e  
T s e t se k u  a r e a )  and 1:50 000 b l a c k  and w h i te  a e r i a l  
pho tography ,  were a c q u i r e d  f o r  th e  ground d a t a  c o l l e c t i o n  
p e r i o d .
f)  An a e r i a l  p h o to g rap h ic  survey ( c o l o u r )  of  T se t seku  
ranch  (and  i n c l u d i n g  p a r t  of t h e  su r round ing  communal a r e a )  
was f lown d u r in g  t h e  p e r io d  of t h e  ground s u rvey .  This  
p ro v id e d  two s c a l e s  of a e r i a l  p ho tog raph ic  cover  over t h e  s i t e  
( t h e  o t h e r  a t  1:50 0 0 0 ) .
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The ranch  l i e s  a t  t h e  e a s t e r n  s ide  of t h e  Kunyere f a u l t  
l i n e ,  where th e  Xaudum channel  f lowing  from th e  n o r th  meets  
t h e  f a u l t  and becomes known a s  t h e  Kunyere.  This  seasona l  
w a te r  course  i s  no t  a w a te r  source f o r  th e  r an ch ,  a l though  i t  
i s  im p o r ta n t  f o r  nearby c a t t l e  p o s t s .  A l l  t h e  r a n c h ' s  w a te r
i s  s u p p l i e d  from a s i n g l e  bore  h o l e .
T s e t sek u  ranch  c o n s i s t s  of a t o t a l  a r e a  of 1902 h e c t a r e s ,  
which i s  d iv i d e d  i n t o  f o u r  main paddocks around a c e n t r a l  
k r a a l  and two s m a l l e r  paddocks which a r e  m a in ta in e d  a s  ' b u l l  
camps'  ( s e e  t a b l e  5 . 1 ) .  W i th in  paddocks 2 and 4 ,  a r e a s  of 17,
34 and 51 h e c t a r e s  have  been s e t  a s id e  f o r  s t o c k i n g  t r i a l s ,
w i th  s t o c k i n g  r a t e s  of 4 ,  8 and 12 h e c t a r e s  per  LSU 
r e s p e c t i v e l y .
Table  5 .1 Paddock a r e a s ,  Tse t seku  Ranch (APRU).
Paddock Area (ha)
1 391
2 437 *
3 312
4 437 *
5 169
6 156
(* s t o c k i n g  t r i a l s  i n c l u d e d ) .
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S tock ing  r a t e s  a t  T se t seku  have been m a in t a i n e d  a t  
be tween 9 and 16 ha/LSU (APRU, 1979) ( see  t a b l e  5 . 2 ) ,  compared 
w i th  r a t e s  of about  1 ha/LSU i n  t h e  su r round ing  communal land  
(UNDP/FAO, 1977) .
Table  5 .2  S tock ing  R a tes  1974 -  1979 (APRU 1979).
Year Area grazed  (ha)  S tock ing  r a t e  (ha/LSU)
1974 1902 16.5
1975 1902 14.5
1976 1902 12.4
1977 1902 12.4
1978 1902 10.1
1979 1902 8.8
5 . 4 . 2  Geomorphology and s o i l s .
Tse t seku  l i e s  on a s u b s t r a t e  of u n c o n s o l i d a t e d  K a la h a r i  
sands .  The s o i l s  have developed  from t h e  K a la h a r i  d e p o s i t s  
and t e n d  t o  be f i n e  g r a in e d ,  very  f r e e l y  d r a i n i n g  and 
n o n - c a l c a r e o u s .  S t r u c t u r e  i s  poor ly  deve loped and 
h o r i z o n a t i o n  i s  i l l  d e f i n e d .  S t a r r i n g  (1979) c l a s s i f i e s  t h e  
s o i l s  of  t h e  a r e a  a s  D y s t ic  and E u t r i c  Regosols  (FAQ 
C l a s s i f i c a t i o n ) .  They a r e  g e n e r a l l y  very p a l e  i n  c o l o u r ,  p a l e  
g reys  t o  brownish g re y s .
Sand r i d g e s ,  a l t e r n a t i n g  w i th  d e p r e s s io n s ,  a r e  found 
th ro u g h o u t  t h e  ranch  and su r ro u n d in g  sandve ld .  These a r e  
p ro b ab ly  t h e  rem ains  of o ld  dune f e a t u r e s ,  which have been 
e roded  o r  s t a b i l i s e d  by v e g e t a t i o n ,  r e s u l t i n g  i n  a d i s r u p t e d
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e a s t - w e s t  l i n e a r  p a t t e r n .  This  p a t t e r n  i s  c l e a r l y  v i s i b l e  on 
t h e  1 :10  000 c o lo u r  a e r i a l  photography when viewed under a 
s t e r e o s c o p e .
5 . 4 .3  V e g e ta t i o n  and w i l d l i f e .
The predominant  v e g e t a t i o n  type a t  T se t sek u  i s  low t r e e  
and sh rub  savanna ,  which i s  c h a r a c t e r i s t i c  of  t h e  K a la h a r i  
Sandve ld .  Some dense r i v e r i n e  woodland and molapo 
( f l o o d p l a i n )  g r a s s l a n d  o c c u r s  w i t h i n  paddocks 1 and 3.
A m i x t u r e  of A cacia  and Grewia s p e c ie s  g e n e r a l l y  occupy 
t h e  to p s  of  t h e  r i d g e s  and l e v e l  a r e a s  w i t h i n  t h e  sandveld  
t e r r a i n .  The t r e e .  T e rm in a l i a  s e r i c e a , i s  l o c a l l y  dominant ,  
main ly  on t h e  upper s lo p e s  of  t h e  r i d g e s ,  e s p e c i a l l y  where t h e  
s o i l s  a r e  l o o s e ,  u n c o n s o l i d a t e d  sand.  D epress ions  between t h e  
r i d g e s  a r e  dominated by A cacia  t r e e s  and s h ru b s .  T a l l ,  matu re  
A cac ias  a r e  o f t e n  found on t h e  p e r ip h e ry  of r a i n  pans .  Grewia 
s p e c i e s  a l s o  form an im p o r ta n t  p a r t  of t h i s  v e g e t a t i o n  t y p e .
The shrub ,  D ich ro s tac h y s  c i n e r i a ,  i s  found th roughou t  t h e  
ranch  and s u r ro u n d in g  s andve ld ,  and i s  r e g a rd e d  a s  symptomatic 
of  bush encroachment.  I t  sometimes forms l o c a l i s e d  p a t c h e s  of 
ex t re m e ly  dense  shrub ,  t o  t h e  e x c l u s i o n  of  o t h e r  s p e c i e s ,  on 
t h e  s i t e s  of  abandoned k r a a l s .
The r i v e r i n e  f r i n g e  woodland forms a r e a s  of  very  dense 
v e g e t a t i o n  a t  t h e  edge t h e  r a n c h .  The canopy l a y e r  i s  
g e n e r a l l y  between 10 and 12 m e t re s  h ig h ,  w i th  some lower l a y e r  
v e g e t a t i o n  and e p i p h y t i c  c r e e p e r s .  The dominant t r e e s  s p e c i e s  
a t  T s e t sek u  w ere ,  Croton mega l o b o t r y s ,  Combretum s p . ,
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Lonchocarpus n e l s i i  and v a r i o u s  Acac ia  s p e c i e s .  Members of 
t h e  gene ra  Grewia and Rhus , t o g e t h e r  w i th  Ximenia a m e r ic a n a . 
a r e  found a s  shrubs  i n  t h e  u n d e r s to r e y .
A few la rg e  w i l d  an im a ls  a r e  found on t h e  ranch  and 
s u r ro u n d in g  a r e a .  The G r e a t e r  Kudu (T r a gelaphus  
s t r e ps i c e r o s ) , an a n t e l o p e ,  i s  commonly found,  i t  i s  
e s s e n t i a l l y  a browsing an imal  and i s  no t  i n  d i r e c t  c o m p e t i t io n  
w i th  c a t t l e .  The Grey Duiker ( Sy I v i c a pr a  gr im m ia) , a small  
a n t e l o p e ,  i s  commonly seen .  The d u ike r  i s  a g r a z e r  and 
b row se r .  A l a r g e  r o d e n t ,  t h e  Spr ing  Hare (Pede t e s  cap e n s i s ) 
and O s t r i c h  ( S t r u t h i o  camel us ) a r e  a l s o  f r e q u e n t l y  seen .
5 .5  Design of ground sampl ing  p ro c e d u re s  f o r  use w i th  
s a t e l l i t e  d a t a .
D e c i s io n s  r e g a r d i n g  sampl ing p ro ced u res  and t h e  l o c a t i o n  
of  ground sampl ing s i t e s  a r e  of g r e a t  im por tance .  This  i s  
e s p e c i a l l y  s i g n i f i c a n t  i f  t h e  d a t a  i s  t o  be used t o  d e r i v e  a 
c l a s s i f i c a t i o n  which w i l l  be e x t r a p o l a t e d  over  a l a r g e  a r e a .  
L i m i t s  t o  c l a s s i f i c a t i o n  should  t a k e  i n t o  account  t h e  
r e p r e s e n t a t i v e n e s s  of t h e  ground d a t a  f o r  t h e  whole a r e a  t o  be 
c l a s s i f i e d .
A d e c i s i o n  must be made on t h e  most a p p r o p r i a t e  or 
a p p l i c a b l e  type of sampling f o r  a g iven  t a r g e t  a r e a .
S e l e c t i o n  of  a sampling d es ign  may have to  take  i n t o  account  
f a c t o r s  beyond t h e  c o n t r o l  of t h e  s tu d y ,  fo r  example 
a c c e s s i b i l i t y ,  i f  any meaningful  r e s u l t s  a r e  t o  be ga ined .
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The cho ice  of sampling p ro ced u re  i s  g e n e r a l l y  between th e  
use of ' p r o b a b i l i t y  sam pl ing '  and ' p u r p o s i v e  s a m p l in g ' .  The 
fo rmer  has  t h e  advantage  t h a t  i t  i s  no t  based on a s u b j e c t i v e  
s e l e c t i o n  of s i t e s  and t h a t  i t  i s  p o s s i b l e  to  o b t a i n  a ' formal 
s t a t e m e n t  of t h e  r e p r e s e n t a t i v e n e s s  of  th e  sample '  ( J u s t i c e  
and Townshend, 1 981a) .  Pu rpos ive  sampling does i n v o lv e  
s u b j e c t i v e l y  choos ing  s i t e s  which a r e  co n s id e re d  ' t y p i c a l '  of 
some a s p e c t  of t h e  la n d s c a p e .  P urpos ive  sampling p ro c e d u re s  
do have a number of p r a c t i c a l  advan tages  over  p r o b a b i l i t y  
sampl ing;  t h e se  a r e  d i s c u s s e d  below.
P r o b a b i l i t y  sampl ing  s i t e s  may e i t h e r  be randomly or 
s y s t e m a t i c a l l y  s e l e c t e d .  A random s e l e c t i o n  can be o b ta in e d  
by p l a c i n g  a g r i d  ove r  a map o r  image of t h e  t a r g e t  a r e a  and 
l o c a t i n g  s i t e s  u s in g  p a i r s  of  random numbers a s  c o o r d i n a t e s .
A s y s t e m a t i c  s e l e c t i o n  can be o b ta in e d  u s in g  a g r i d  t o  
r e g u l a r l y  p o s i t i o n  s i t e s  over  t h e  t a r g e t  a r e a .
However, bo th  of t h e se  methods of s i t e  s e l e c t i o n  may be 
d i f f i c u l t  t o  implement i n  c e r t a i n  c o n d i t i o n s .  A ccura te  
l o c a t i o n  of  s i t e s  i n  t h e  K a la h a r i  Sandveld ,  away from major 
f e a t u r e s  such as roads  and r i v e r s  i s  d i f f i c u l t ,  t h e  t e r r a i n  
c o n s i s t i n g  of  r e l a t i v e l y  f e a t u r e l e s s  d e p r e s s i o n s ,  g e n t ly  
s l o p in g  r i d g e s  and l e v e l  p l a i n s .  As w e l l  as  problems of 
l o c a t i o n ,  a c c e s s  t o  s i t e s  which a r e  d i s t a n t  from a t r a c k  or  
r o ad  i s  d i f f i c u l t  i n  t h i s  t e r r a i n .
I t  i s  p o s s i b l e  to  use  a m o d i f i e d  type  of s y s t e m a t i c  
s e l e c t i o n  of s i t e s  based  on t h e  networks of  o u t l i n e s  and 
f e n c e l i n e s  t h a t  e x i s t  w i t h i n  t h e  a r e a .  These a r e  o f t e n
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v i s i b l e  on a e r i a l  pho tographs  and marked on maps ( a l though  
o u t l i n e s  o f t e n  become overgrown between t h e  date  of mapping 
and t h e  f i e l d  su rvey)  .
The use of any g r i d  f o r  s y s t e m a t i c  sample s e l e c t i o n ,  
r i s k s  a l ig n m en t  of t h e  s i t e s  c o i n c id in g  w i th  t h a t  of n a t u r a l  
r e c u r r i n g  f e a t u r e s  such as dunes,  l e a d in g  t o  t h e  p o s s i b i l i t y  
of over or  under sampl ing  c e r t a i n  e l em en ts  of t h e  t e r r a i n .
P u rpos ive  sampl ing  h a s  t h e  d isadvan tage  of being 
s u b j e c t i v e ,  but  has  p r a c t i c a l  advan tages  over o t h e r  methods i n  
a r e a s  of  d i f f i c u l t  t e r r a i n .  Purpos ive  sampling i s  e f f e c t i v e  
i n  r e d u c i n g  t h e  t ime spen t  g a t h e r i n g  f i e l d  d a t a ,  which i s  
im p o r ta n t  where  f i e l d  work may be of r e s t r i c t e d  d u r a t i o n  or  
where  t h e r e  may be a sho r tage  of t r a i n e d  f i e l d  s t a f f .  The 
p ro c e d u re  a l s o  has  t h e  advantage  of a l low ing  s i t e s  t o  be 
chosen  which  a r e  a c c e s s i b l e ,  a l though  the  ' r e p r e s e n t a t i v e n e s s '  
of such s i t e s  migh t  be c a l l e d  i n t o  q u e s t i o n .  The 
e f f e c t i v e n e s s  of such sampl ing  i s  dependent  on l o c a l  knowledge 
of t h e  f i e l d  w orkers  o r  on a s s i s t a n c e  from l o c a l  s o u r c e s .  In 
t h e  case  of t h e  Okavango r e g i o n  a number of i n d i v i d u a l s  
a s s o c i a t e d  w i t h  v a r i o u s  government depar tm en ts  were  a b l e  to  
supply  d e t a i l e d  i n f o r m a t i o n  concern ing  t h e  a r e a .  This  
i n f o r m a t i o n  g r e a t l y  a s s i s t e d  t h e  s e l e c t i o n  of s i t e s  where 
p u rp o s iv e  sampl ing  was used.
Sampling ' u n i t s '  a r e  u s u a l l y  i n  t h e  form of ' a r e a s ' ,  
r a t h e r  th a n  ' p o i n t s '  when used i n  remote sens ing  s t u d i e s ,  t h i s  
i s  e s p e c i a l l y  t r u e  f o r  r e l a t i v e l y  low r e s o l u t i o n  imagery,  such 
as  t h a t  from t h e  L andsa t  system. Po in t  samples a r e  sometimes
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used w i t h  h igh  r e s o l u t i o n  a e r i a l  pho tographs ,  but i n  gene ra l  
t h i s  i s  no t  a p p r o p r i a t e  because of t h e  n a t u r e  of t h e  
c h a r a c t e r i s t i c s  t o  be measured ( J u s t i c e  and Townshend, 1981a) .  
The s i z e  and shape of t h e  sample a r e a s  i s  de termined  by the  
type of imagery used and t h e  p a r t i c u l a r  environment under 
i n v e s t i g a t i o n .
The cho ice  of sample u n i t  d imensions  i s  governed by th e  
two f a c t o r s  mentioned  above.  The e f f e c t  of imagery type upon 
sample p l o t  s i z e  i s  l i n k e d  t o  i t ' s  r e s o l u t i o n ,  w h i le  th e  
environment i n  which t h e  d a t a  i s  be ing  c o l l e c t e d  may impose 
both  t h e o r e t i c a l  and p r a c t i c a l  c o n s t r a i n t s .
The r e s o l u t i o n  of  t h e  imagery,  whether  p h o to g rap h ic  or  
l i n e  scan d a t a ,  i s  im p o r tan t  f o r  t h e  f o l l o w in g  r e a s o n ;  i f  
sample u n i t s  a r e  used which a r e  s m a l l e r  i n  a r e a  th a n  t h e  b a s i c  
u n i t  of image r e s o l u t i o n ,  fo r  example a L andsa t  p i x e l ,  d a ta  
may be c o l l e c t e d  which i s  u n r e p r e s e n t a t i v e  of th e  s c a l e  of 
i n f o r m a t i o n  c o n ta in e d  i n  t h e  imagery .  M a te r i a l  of a g iven  
r e s o l u t i o n  r e s t r i c t s  t h e  i n f o r m a t io n  a v a i l a b l e  t o  w i t h i n  
c e r t a i n  p r a c t i c a l  l i m i t s .  For l i n e  scan  d a t a ,  w i th  s p e c i f i c  
d im ens ions  f o r  each ' p i x e l ' ,  i t  w i l l  be e a s i e r  to  d e f in e  a 
sample u n i t ' s  s i z e  based on r e s o l u t i o n  th a n  i s  t h e  case f o r  
p h o to g ra p h i c  imagery.
J u s t i c e  and Townshend (1981a) a rgue  a g a i n s t  t h e  use of 
ground sampl ing  a r e a s  of  s i z e  equal  to ,  as  w e l l  as  l e s s  th a n ,  
a p i x e l .  This  i s  on t h e  grounds t h a t  ' p rob lem s  of a c c u r a t e  
ground l o c a t i o n  i n  te rms of  an e x t e r n a l  c o o r d in a t e  r e f e r e n c e  
sys tem '  would be ve ry  d i f f i c u l t .  I f  ground l o c a t i o n  i s
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de te rm ined  t o  w i t h i n  p lu s  o r  minus h a l f  a p i x e l ,  t h i s  means 
t h a t  no s i n g l e  p i x e l - s i z e  a r e a  on t h e  ground can d e f i n i t e l y  be 
a s s o c i a t e d  w i t h  one s p e c i f i c  p i x e l .  They d e s c r ib e  an e q u a t io n  
by which an a p p r o p r i a t e  a r e a  f o r  a sample,  based simply on th e  
r e s o l u t i o n  of t h e  imagery used ,  can be c a l c u l a t e d ;
A -  P(1+2L)
Where A * Sample a r e a
P “ P ix e l  d im ens ions  
L “ Accuracy of l o c a t i o n  i n  terms 
of  number of p i x e l s .
The e q u a t i o n  g iv e s  a sample u n i t  s i z e  of 158m x 158m fo r  
a L an d sa t  MSS p i x e l  to  p lu s  or  minus h a l f  a p i x e l ,  or 237m x 
237m t o  p lu s  o r  minus one p i x e l .  I f  good to p o g r a p h i c a l  maps 
a r e  n o t  a v a i l a b l e  they sugges t  i n c r e a s i n g  t h e  d imensions  
f u r t h e r .
In  t h e  case of a e r i a l  pho tographs  t h e  choice  of sample 
u n i t  s i z e  i s  l e s s  easy  t o  d e f i n e ,  but must r e f l e c t  t h e  
p r a c t i c a l  l i m i t a t i o n s  of  t h e  type and s c a l e  of t h e  product  
used ,  which i s  dependent  on t h e  r e s o l u t i o n  of th e  o r i g i n a l  
n e g a t i v e s .
The above method of  d e t e rm in in g  sample d imensions  
r e p r e s e n t s  an  i d e a l  s i t u a t i o n  where th e  r e s o l u t i o n  of a s i n g l e  
type of imagery i s  t h e  only  c o n s t r a i n t  on t h e  m a t t e r .
However, env i ronm en ta l  and l o g i s t i c a l  problems may p rev en t  t h e  
use  of sample u n i t s  a r r i v e d  a t  p u r e ly  on t h e  b a s i s  of image 
c h a r a c t e r i s t i c s .  In  t h e  Okavango a r e a  th e  n a t u r e  of t h e
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t e r r a i n  and t h e  d i f f i c u l t y  of p r e p a r i n g  l a r g e  sample a r e a s  or  
' q u a d r a t s '  r e q u i r e s  t h e  use of a s tepped  method of sampling 
u s in g  a e r i a l  pho tographs  as  an  i n t e r m e d i a t e  l e v e l  o f ’d a t a .
The a v a i l a b i l i t y  1:40 000 s c a l e  a e r i a l  photography p r i o r  
t o  t h e  f i e l d  survey  and of  1 :10  000 and 1:50 000 s c a l e  
photography s u b s e q u e n t l y ,  p rov ided  an  a p p r o p r i a t e  l e v e l  of 
d a t a  between t h e  L an d sa t  imagery and t h e  ground d a t a .  Actual  
ground f e a t u r e s  were  d i s c e r n a b l e  on t h e  pho tographs ,  such as 
t r e e s ,  sh ru b s ,  f en ce s  and ro a d s ,  the reby  i n c r e a s i n g  t h e  
a cc u racy  w i th  which ground sampl ing s i t e s  were l o c a t e d .  The 
photography p ro v id ed  a u s e f u l  source of da ta  f o r  a n a l y s i s  of 
t h e  L an d s a t  imagery ( s e e  s e c t i o n  5 . 8 ) .
Another  f a c t o r  which has  an  e f f e c t  on t h e  s i z e  of sample 
u n i t s  i s  concerned  w i th  t h e  i n t e r n a l  homogeneity of samples.
I f  samples a r e  t o  be used a s  t r a i n i n g  s e t s  f o r  c l a s s i f i c a t i o n  
p ro c e d u r e s ,  t h e  deg ree  to  which th e  sample can be s a i d  t o  
r e p r e s e n t  a s i n g l e  t e r r a i n  type  or v e g e t a t i o n  community w i l l  
be c r i t i c a l  to  t h e  s u cces s  of  t h e  o p e r a t i o n .  D e c is io n s  on t h e  
d eg ree  of v a r i a n c e  a c c e p t a b l e  and a d e f i n i t i o n  of  a homogenous 
u n i t  must be made and t h i s  w i l l  i n f l u e n c e  th e  s i z e  of sample 
u n i t s .  Where v e g e t a t i o n  p a t t e r n s  a r e  complex and where 
v a r i a t i o n s  i n  ground cover  occur g r a d u a l ly  r a t h e r  th a n  be ing  
d e l i m i t e d  by sharp  b o u n d a r ie s ,  l o c a t i n g  sample s i t e s  and 
d e c i d in g  on t h e  c o r r e c t  s i z e  f o r  th e se  i s  v e ry  d i f f i c u l t ,  
t h e s e  problems a r e  o f t e n  compounded by v a r i a b i l i t y  of s o i l s  
and of r e l i e f .
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I t  i s  c o n v e n t io n a l  to  use a square  sample a r e a  or q u a d r a t  
f o r  v e g e t a t i o n  a n a l y s i s ,  but a number of o th e r  shapes  have 
been used .  One problem which may be min imised by use of a 
c i r c u l a r  q u a d r a t  i s  t h a t  of ' e d g e  e f f e c t ' ,  t h e  problem of 
i n c l u s i o n  or  e x c l u s i o n  of i n d i v i d u a l s  a t  t h e  edge of the  
sample.  To minimise  t h i s  e f f e c t ,  t h e  sample a r e a  must have a 
low p e r i m e t e r  t o  a r e a  r a t i o ,  t h i s  i s  p rov ided  by a c i r c l e .  A 
c i r c u l a r  q u a d r a t  i s  o f t e n  i m p r a c t i c a l  in  c e r t a i n  c i rc um s tanc es  
e s p e c i a l l y  a t  l a r g e  s c a l e s .  R ec t a n g u la r  q u a d r a t s  a r e  more 
e a s i l y  marked ou t  i f  a l a r g e  q u a d r a t  i s  r e q u i r e d ,  and i f  very  
long,  t h i n  r e c t a n g l e s  a r e  avo ided ,  t h e  edge e f f e c t  w i l l  no t  be 
to o  g r e a t  (Kershaw, 1973; Kellman 1975 ) .  R ec tangu la r  p l o t s  
a r e  though t  t o  have an advan tage  over t h e  s t a n d a rd  s q u a re  i n  
e l i m i n a t i n g  v a r i a n c e  between p l o t s .  Kershaw (1973) presumes 
t h i s  i s  a r e s u l t  of ' a  r e c t a n g l e  c r o s s i n g  a h igh  d e n s i t y  pa tch  
and an  a d j a c e n t  low d e n s i t y  pa tch  s im u l tan e o u s ly  and th u s  
l e v e l i n g  out  t h e  v a r i a n c e  over t h e  whole a r e a ' ,  which i s  l e s s  
l i k e l y  t o  occur w i t h i n  a square  q u a d r a t .
5 .6  Sampling scheme and d a t a  c o l l e c t i o n  (Tse t seku  Ranch) .
5 . 6 . 1  Sampling scheme.
The n a t u r e  of th e  t e r r a i n  i n  which T se t seku  ranch  i s  
s i t u a t e d ,  made i t  d i f f i c u l t  t o  s u c c e s s f u l l y  use a random or 
s im p le  s y s t e m a t i c  scheme of sampl ing.  The l o c a t i o n  of  s i t e s  
g e n e r a t e d  by e i t h e r  method would have been ex t re m e ly  
d i f f i c u l t .  The ranch  i s ,  however, d iv id e d  i n t o  a number of 
paddocks by a ne twork of  f e n c e s  and t r a c k s ,  which p rov ided  a 
ne twork  o f  i n t e r s e c t i n g ,  s t r a i g h t  l i n e s  which could  be
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d e t e c t e d  on a e r i a l  p ho tog raphs .  These pho tographs  t o g e t h e r  
w i th  p l a n s  p ro v id ed  by APRU, were used t o  p l o t  t h e  l a y - o u t  of 
t h e  ranch  on to  t h e  1:50 000 s c a l e  topog raph ic  map of th e  a r e a .  
The ne twork  was t h e n  used a s  t h e  b a s i s  f o r  e s t a b l i s h i n g  t h e  
p o s i t i o n  of  s i t e s .  A form of s y s t e m a t i c  sampl ing  was used,  
s i t e s  were  l o c a t e d  a t  fence  i n t e r s e c t i o n s  or  m i d - p o i n t s  a long  
f e n c e l i n e s  ( s e e  f i g .  5 . 1 ) .  However, i t  was e v i d e n t  t h a t  g iven  
t h e  t ime and r e s o u r c e s  a v a i l a b l e  f o r  ground s u rv ey ,  a c e r t a i n  
number of s i t e s  would have  t o  be s u b j e c t i v e l y  chosen  so a s  t o  
i n c lu d e  d a t a  on s p e c i f i c  e l em en t s  of  t h e  v e g e t a t i o n .  This  was 
t h e  case w i t h  t h e  molapo g r a s s l a n d  ( s i t e s , 1 0 , 1 1 , 1 2 , 3 2 , 3 3 ,  and 
3 4 ) ,  and an  a r e a  of ex p e r im e n ta l  bush c le a r a n c e  ( s i t e s , 3 5 ,36 ,  
and 3 7 ) .  I n f o r m a t io n  conce rn ing  v e g e t a t i o n  a s s o c i a t i o n s  a t  
T s e t se k u  was a v a i l a b l e  from APRU ( p e r s .  comm, and unpub l i shed  
m a t e r i a l ) ,  t h i s  p ro v id ed  a u s e f u l  b a s i s  f o r  s e l e c t i o n  of th e s e  
l a t t e r  s i t e s .
As a number/^levels  of  ( t e m p o r a l l y  co n t ig u o u s )  d a t a  were  
t o  be a v a i l a b l e  f o r  ana ly  . s i s  subsequen t  t o  t h e  f i e l d  su rvey ,  
i t  was d ec ided  t h a t  a s tepped  method of  sampling shou ld  be 
u sed .  Th is  meant  t h a t  a s m a l l e r  p l o t  s i z e  cou ld  be used  th a n  
i f  t h e  ground d a t a  was t o  be d i r e c t l y  compared w i th  th e  
L a n d s a t  d a t a .  I n s t e a d ,  th e  1 :10  000 and 1:50 000 s c a l e  a e r i a l  
photography was t o  be t h e  main source  of d a t a  used t o  a n a ly se  
t h e  L a n d s a t  imagery ,  w i th  t h e  ground d a t a  p ro v id in g  a d d i t i o n a l  
i n f o r m a t i o n  on a s p e c t s  of  t h e  l a ndsca pe  which could  n o t  be 
i d e n t i f i e d  from t h e  pho tography .  The ground d a t a  survey was 
a l s o  des igned  t o  p rov ide  some comparisons  w i th  range survey 
d a t a  c o l l e c t e d  by APRU, in  t h e  p e r io d  p r i o r  to  t h e  p r e s e n t
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s tu d y .  Smal le r  p l o t  s i z e s  p rov ided  a number of im por tan t  
p r a c t i c a l  ad van tages  i n  te rms of  p o s i t i o n i n g  and marking out  
t h e  p l o t s ,  and of  a c c u r a t e l y  r e c o r d i n g  d a t a .
A r e c t a n g u l a r  q u a d r a t  of 250 square  m e t r e s  (10 m x 25 m) , 
was chosen on t h e  b a s i s  of p r a c t i c a l  c o n s i d e r a t i o n s  i n  t h e  
f i e l d ,  and l o c a t i o n  of s i t e s  on t h e  a e r i a l  pho tographs .  Two 
q u a d r a t s  were  marked out  a t  each s i t e ,  one w i t h  i t s  long  a x i s  
p e r p e n d i c u l a r  to  t h e  nearby t r a c k  o r  f e n c e ,  and t h e  o t h e r  
p a r a l l e l .  The q u a d r a t s  were  p o s i t i o n e d  a t  l e a s t  10 m e tres  
away from t h e  t r a c k  o r  f e n c e ,  t o  a l low  fo r  any in f l u e n c e  of 
th e se  f e a t u r e s  on l o c a l  v e g e t a t i o n  growth.  V e g e ta t i o n  o f t e n  
appea red  t o  be t a l l e r  a t  t h e  edge of t r a c k s ,  p o s s i b l y  th e  
r e s u l t  of i n c r e a s e d  r u n - o f f  from t h e  ba re -g round  of  t h e  t r a c k ,  
or  t h e  l a c k  of  c o m p e t i t i o n  from v e g e t a t i o n  i n  t h e  ba re  a r e a .
5 . 6 . 2  Data  c o l l e c t i o n .
A g e n e r a l  d e s c r i p t i o n  of each s i t e  was r e c o rd e d  ( see  
append ix  A ) ,  p ro v id i n g  d e t a i l s  of t h e  l o c a l  topography and 
ev idence  of e r o s i o n .  The l a n d u s e ,  e i t h e r  'managed r a n c h i n g '  
or  ' u n c o n t r o l l e d  common g r a z i n g '  was r e c o r d e d .  W i th in  each of 
t h e  q u a d r a t s ,  a number of s p e c i f i c  s o i l  and v e g e t a t i o n  
c h a r a c t e r i s t i c s  were  r e c o r d e d .
S o i l  s u r f a c e  c h a r a c t e r i s t i c s  r e c o rd e d  i n c l u d e ;  c o lou r  
(M unse ll  c l a s s i f i c a t i o n ) ,  t e x t u r e ,  s t r u c t u r e  and m o i s t u r e  
s t a t u s  ( s e e  s e c t i o n  4 . 7 . 4 ) .  E s t im a te s  of  t h e  a r e a  of ba re  
ground and of  su r f a c e  l i t t e r  were  made f o r  each q u a d r a t  (<10%
■ very  low, 10—20% * low, 20—40% * medium, 40—60% — h ig h ,  ^60% 
-  ve ry  h i g h ) .  No o u tc ro p s  of  s o l i d  geology or  of
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c o n c r e t i o n a r y  d e p o s i t e s ,  such as c a l c r e t e ,  were r e c o rd e d  a t  
T s e t s e k u .
V e g e ta t i o n  c h a r a c t e r i s t i c s  in c lu d e  a g en e ra l  d e s c r i p t i o n  
of  th e  s i t e ;  r e c o r d i n g  v e g e t a t i o n  s t r u c t u r e  and an  e s t i m a t e  
of cover  (<10% = s c a t t e r e d ,  10-20% = s p a r s e ,  20-40% = medium, 
40-60% = dense ,  >60% = very  d e n s e ) ,  h e i g h t  of t h e  t r e e  and 
s h rub  l a y e r s ,  and t h e  c o n d i t i o n  of any g r a s s  cover .  S p e c i f i c  
v e g e t a t i o n  p a ram e te r s  were  r e c o rd e d  i n s i d e  each q u a d r a t .  A 
measurement of th e  ba s a l  cover of g r a s s e s  was made ( t h i s  i s  
r e g a r d e d  a s  a more a p p r o p r i a t e  measure th a n  t h e  above ground 
canopy c o v e r ,  which v a r i e s  marked ly  w i th  v a r i a t i o n s  i n  season  
and management p r a c t i c e  (APRU, 1 9 7 5 ) ) .  A 25 m e tre  tape  was 
s t r e t c h e d  between two marker  p o s t s  and a 0 .5  c e n t i m e t r e  rod  
was lowered  a t  5 c e n t i m e t r e  i n t e r v a l s .  The p resence  or 
absence of t h e  b a s a l  p a r t  of i n d i v i d u a l  g r a s s  p l a n t s  was thus  
r e c o r d e d  f o r  500 p o i n t s  pe r  q u a d r a t .  The r e s u l t s  were  
e x p re s s e d  a s  p e r c e n ta g e  b as a l  co v e r .  The t o t a l  number of 
t r e e s  and shrubs  pe r  q u a d r a t  were r e c o rd e d ,  t o g e t h e r  w i th  
s u b - t o t a l s  f o r  i n d i v i d u a l  s p e c i e s .  Only t r e e s  o r  shrubs  
r o o t e d  w i t h i n  t h e  q u a d r a t  were r e c o r d e d .  Trees  were  d e f in e d  
a s  be ing  a woody p l a n t  over  3 m in  h e i g h t  and w i t h  a d i s t i n c t  
t r u n k ( s )  ( m u l t i p l e  stemmed i n d i v i d u a l s  were common i n  t h e  
s tudy a r e a ) .  Shrub l a y e r  p l a n t s  were  d e f in e d  a s  between 0 .5  
and 3 m.
Data was r e c o rd e d  a t  a t o t a l  of 40 s i t e s  (80 q u a d r a t s )  
th ro u g h o u t  t h e  ranch  and s u r ro u n d in g  common r a n g e l a n d .  In 
a d d i t i o n  t o  t h e  40 main s i t e s ,  e l e v e n ,  10 m x 30 m q u a d r a t s  
were  l a t e r  e s t a b l i s h e d  t o  p rov ide  cover  and p r o f i l e  diagrams
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of ' t y p i c a l '  s i t e s  w i t h i n  t h e  main v e g e t a t i o n  ty p e s  
(Term inal  i a  s e r i c e a  d o m i n a t e d  s lo p e s ,  Acac ia  dominated 
d e p r e s s i o n s ,  and a r e a s  of mixed t r e e  and shrub s a v a n n a ) .
Cover diagrams were  drawn by measur ing  i n d i v i d u a l  crown 
d i a m e te r s  and p r o j e c t i n g  t h e s e  on to  t h e  'g ro u n d  a r e a '  of th e  
q u a d r a t .  This  was done f o r  a l l  t h e  a e r i a l  p a r t s  of t r e e s  and 
shrubs  which were p e r p e n d i c u l a r  to  t h e  q u a d r a t  a r e a ,  whe ther  
' r o o t e d '  or  n o t .  P r o f i l e  diagrams were  drawn w i t h  th e  a i d  of 
t ape  measures  and g rad u a ted  r a n g in g  p o l e s .  The p r o f i l e s  
p rov ide  an i l l u s t r a t i o n  of t h e  s t r a t i f i c a t i o n  of  t h e  woody 
v e g e t a t i o n ,  and t h e  p o s i t i o n  of s p e c i e s  w i t h i n  t h i s .
As w e l l  as  t h e  d e t a i l e d  r e c o r d i n g  of v e g e t a t i o n  a t  
s p e c i f i c  s i t e s ,  changes i n  v e g e t a t i o n  were r e c o rd e d  a long  
paced  t r a n s e c t s  based  on t h e  f e n c e l i n e s  a t  Tse t seku  (between 
p o i n t s :  A/E, A/Q, E/C, E/F,  E/H, E/T, F/M, I / J ,  M/N, M/0,
Q /T ) .  a s i n g l e  t r a n s e c t  between p o i n t  E and F ( see  f i g .  5 .2 )  
was l e v e l l e d  t o  p rov ide  a c r o s s  s e c t i o n  of t h e  r i d g e  and 
d e p r e s s i o n  topography and t o  s tudy t h e  r e l a t i o n s h i p  of th e  
v e g e t a t i o n  t y p e s  t o  to pography .  Because of t h e  d i f f i c u l t  
n a t u r e  of t h e  t e r r a i n ,  i t  was no t  p o s s i b l e  to  l e v e l  a s e c t i o n  
p e r p e n d i c u l a r l y  t o  t h e  e a s t - w e s t  t r e n d  of  th e  r i d g e s ,  t h e  
t r a n s e c t  E/F was o f f s e t  a t  about  35 d e g re e s  t o  t h e  optimum 
l i n e .
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5.7 R e s u l t s  of ground d a t a  c o l l e c t i o n ,  Tse t seku  Ranch (1 9 8 3 ) .
5 . 7 .1  G ene ra l .
No i n f o r m a t i o n  was a v a i l a b l e  conce rn ing  topography  fo r  
th e  T s e t sek u  a r e a  p r i o r  to  t h e  1983 f i e l d  su rvey .  The 
t r a n s e c t ,  l e v e l l e d  between p o i n t s  E and F i n s i d e  th e  ran ch ,  
g iv e s  an  i n d i c a t i o n  of  t h e  g e n e ra l  topography ( f i g .  5 . 2 ) .
Slope a n g l e s  were  c a l c u l a t e d  f o r  30 m e tre  s e c t i o n s  of  t h e  
t r a n s e c t  and c o r r e c t e d  t o  take  i n t o  accoun t  t h e  o r i e n t a t i o n  of 
t h e  s e c t i o n  away from t h e  optimum l i n e ,  p e r p e n d i c u l a r  t o  t h e  
t r e n d  o f  t h e  l i n e a r  r i d g e s .  The s t e e p e s t  s lope  a n g le  d id  n o t  
exceed  two d e g re e s  over  th e  whole s e c t i o n .  The m a j o r i t y  of 
t h e  s lope  s e c t i o n s  ( a lo n g  t h e  2 .3  k i l o m e t r e  t r a n s e c t )  were 
l e s s  t h a n  one d e g re e .  The maximum h e i g h t  d i f f e r e n c e  between 
t h e  c e n t r e  of a d e p r e s s i o n  and t h e  apex of a r i d g e  was 
a p p ro x im a te ly  3 m e t r e s ,  over  a h o r i z o n t a l  d i s t a n c e  of 145 
m e t r e s .  These low s lope  a n g l e s ,  t o g e t h e r  w i th  h igh  sun a n g le s  
a t  t ime of L a n d s a t  d a t a  c o l l e c t i o n  ove r  Botswana,  means t h a t  
' t o p o g ra p h ic  e f f e c t s '  which may reduce  image c l a r i t y  ( J u s t i c e  
and Townshend, 1981b) a r e  no t  a problem. A l l  of t h e  sample 
s i t e s  were  on l e v e l  ground.  W ith in  t h e  sample q u a d r a t s  t h e r e  
was no ev idence  of smal l  s c a l e  m orpho log ica l  f e a t u r e s ,  such as 
r i l l s .  The ground s u r f a c e  was e s s e n t i a l l y  smooth and f l a t ,  
some sm al l  hummocks were  found ,  u s u a l l y  a s s o c i a t e d  w i th  
c o l l e c t i o n  of  wind blown sand a round  an  o b j e c t ,  such as a 
t u s s o c k  of  g r a s s .  There was l i t t l e  ev idence of su r fa c e  
e r o s i o n ,  except  f o r  t h e  e f f e c t s  of  t r a m p l in g  and some movement 
of sand p a r t i c l e s  by wind a c t i o n .
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5 . 7 . 2  S o i l s .
The m a j o r i t y  of th e  sample s i t e s  had ' l i g h t  g r e y '  
( s u r f a c e )  s o i l  co lour  (lOYR 7 /1  to  lOYR-7/2,  acc o u n t in g  f o r  23 
(70%) o f  a l l  t h e  sandve ld  s i t e s ) .  Sur face co lour  v a r i a t i o n  i n  
te rms of  Munsell  ' v a l u e '  and ' chroma' l e v e l s  was l i m i t e d ,  
r a n g in g  from ' w h i t e '  lOYR 8 /1  (2 s i t e s )  t o  ' l i g h t  brownish 
g r e y '  lOYR 6 / 2  and 2.5Y 6/2  (4  s i t e s ) .  These co lour  v a l u e s  
a r e  c o n s i s t e n t  w i th  th e  o b s e r v a t i o n s  made th roughout  t h e  
K a la h a r i  Sandveld  t e r r a i n  ty p e .  The s o i l s  of t h e  molapo 
g r a s s l a n d  a t  T se t sek u  ( R iv e r in e  Zone) were g e n e r a l l y  d a rk e r ,  
' v e r y  da rk  g r e y '  (lOYR 3 /1 )  t o  ' d a r k  g r e y '  (lOYR 4 / 1 ) ,  w i th  
l o c a l i s e d  p a t c h e s  of  ' l i g h t  g r e y '  (lOYR 6 /1 )  where deeper  s o i l  
had been  exposed .
S urface  s o i l  t e x t u r e  was sandy w i t h i n  a l l  t h e  sandveld  
s i t e s .  Only where a r a i n  pan o c c u r r e d  was t h e r e  any 
a c c u m u la t io n  of f i n e r  m a t e r i a l  ( c l a y )  a t  t h e  su r f a c e  i n  t h e  
s an d v e ld .  Small pans were  found a lo n g  t h e  l i n e a r  d e p r e s s io n s  
t h roughou t  t h e  ranch  ( s e e  f i g . 5 . 3 ) .  The molapo s o i l s  were 
a l s o  sandy w i t h i n  t h e  ranch  a r e a .  The s o i l  a t  a l l  s i t e s  was 
s t r u c t u r e l e s s .  The s u r f a c e  m a t e r i a l  was u s u a l l y  loose  or 
formed a t h i n  (0 ,5  -  1.0 cm), b r i t t l e  c r u s t  ( t h e  ' a r m o u r i n g '  
e f f e c t  of r a i n  s p l a s h ) .
S urface  l i t t e r  cover a t  t h e  sandve ld  s i t e s  was g e n e r a l l y  
low (10-20%) t o  medium (20-40%) (58% and 22% of t h e  q u a d r a t s  
r e s p e c t i v e l y )  . L i t t e r  was ma in ly  i n  t h e  form of dry l e av es  
from t r e e s  and s h ru b s .  Correspond ing ly ,  th e  a r e a  o f . b a r e  s o i l  
w i t h i n  t h e  q u a d r a t s  was g e n e r a l l y  medium (20-40%) t o  h igh
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(40—60%) (45% and 37% of th e  q u a d r a t s ) .  The molapo s o i l s  were 
u s u a l l y  h ig h e r  i n  s u r f a c e  l i t t e r ,  i n c lu d in g  f i n e  m a t e r i a l  
which tended t o  become mixed w i th  th e  s o i l ,  adding t o  i t s  
d a r k e r  c o l o u r .  I d e n t i f i a b l e  l i t t e r  was almost  e n t i r e l y  dead 
g r a s s  m a t e r i a l .  Exposed s o i l  s u r f a c e  was u s u a l l y  low.
The q u a d r a t  d a t a  s u g g e s t s  t h a t  th e  s o i l  su r f a c e  
c o n d i t i o n s  w i t h i n  t h e  sandve ld  a r e a  were  r e l a t i v e l y  un iform. 
This  i s  p robab ly  t r u e  f o r  t h e  m a j o r i t y  of t h e  K a la h a r i  
Sandveld  t e r r a i n  type w i t h i n  t h e  s tudy a r e a .  Areas of  exposed 
s o i l  would p r e s e n t  a h ig h l y  r e f l e c t i v e  su r f a c e  i n  a l l  four  
wave-bands r e c o rd e d  by t h e  L andsa t  MSS system. The e f f e c t  of 
l i g h t  co lo u re d  s u r f a c e  m a t e r i a l  would be enhanced by low 
o r g a n ic  m a t t e r  and good i n t e r n a l  d ra in a g e  of t h e  sandy s o i l s ,  
p r o v id i n g  v e ry  dry s u r f a c e  c o n d i t i o n s .
5 . 7 . 3  V e g e ta t i o n .
The main v e g e t a t i o n  t y p e s ,  i d e n t i f i e d  d u r ing  t h e  t e r r a i n  
a n a l y s i s  ( s e c t i o n  4 . 8 . 2 ( f ) )  w i t h i n  t h e  K a la h a r i  Sandveld,  were 
r e p r e s e n t e d  w i t h i n  t h e  sample s i t e s  a t  T s e t se k u .  These were 
mapped f o r  t h e  ranch  a r e a  u s in g  1:10 COG and 1:50 000 a e r i a l  
p h o to g ra p h s ,  and t r a n s e c t  (g round)  d a t a  ( f i g .  5 . 3 ) .  The types  
r e p r e s e n t  v a r i a t i o n s  i n  s t r u c t u r e  and s p e c i e s  com posi t ion  
w i t h i n  t h e  g e n e ra l  physiognomic v e g e t a t i o n  ty p e ,  ' low  t r e e  and 
sh ru b  s a v a n n a ' .  These v e g e t a t i o n  t y p e s  appea r  to  be r e l a t e d  
t o  changes  i n  to pography ,  they a r e ;  Acac ia  dominated 
d e p r e s s i o n s  and minor  p l a i n s  between l i n e a r  r i d g e  f e a t u r e s ,  
mixed s p e c i e s  (mainly  dominated by t h e  genera  Grewia and 
A cac ia )  on t h e  r i d g e  tops  and s l o p e s ,  and T e rm in a l i a  s e r i c e a
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Riverine fringe w o o d lan d0.5
Termina/ia sericea  low tre e  an d  
I shrub sav arin a
Mixed sp e c ie s  low tre e  an d  shrubM o l a p o
A cacia  d o m in a te d  d e p re s s io n
^  R ain p an
B u s h  C l e a r a n c e  T r i a l
Fig. 5.3 Vegetation map of Tsetseku Ranch.
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dominated v e g e t a t i o n  on t h e  r i d g e  s lo p e s  ( s e e  f i g s .  5 .2  and 
5 . 4 ) .  Boundaries  between ty p e s  were  no t  always c l e a r  on t h e  
a e r i a l  p h o to g ra p h s .  T r a n s i t i o n  zones  between v e g e t a t i o n  ty p e s  
were  found,  e s p e c i a l l y  between t h e  mixed s p e c i e s  and 
s e r i c e a  low t r e e  and shrub  savanna ty p e s .  An e s t i m a t e  of th e  
a r e a s  o ccup ied  by each v e g e t a t i o n  type  a t  T se t seku  was made 
from t h e  map ( t a b l e  5 . 3 ) .
The f i g u r e s  i n  t a b l e  5.3 g iv e  an i n d i c a t i o n  of th e  
r e l a t i v e  im portance  i n  te rms of  a r e a l  coverage ,  of t h e  
v e g e t a t i o n  ty p e s  w i t h i n  t h e  s andve ld .  The l a r g e r  p a r t  i s  
o ccu p ied  by t h e  mixed s p e c i e s  low t r e e  and shrub  (58%), t h e  
A cac ia  dominated d e p r e s s i o n s  and t h e  T . s e r i c e a  low t r e e  and 
shrub  a c c o u n t in g  f o r  t h e  rem a in ing  42% (27% and 15% 
r e s p e c t i v e l y )  ,
60 of t h e  80 q u a d r a t s  sampled d u r in g  t h e  s u rvey ,  f e l l  
w i t h i n  t h e  sandve ld  a r e a .  S y s tem a t ic  s e l e c t i o n  of  sample 
s i t e s  l e d  t o  t h e  mixed s p e c i e s  savanna be ing  most  f r e q u e n t l y  
sampled (52% of  a l l  s andve ld  q u a d r a t s ) .  The rem a in ing  
q u a d r a t s  a r e  d iv i d e d  between;  A cac ia  dominated d e p r e s s i o n s  
(23%), T . s e r i c e a  savanna (5%), t r a n s i t i o n  zone v e g e t a t i o n  
between T . s e r i c e a  and mixed s p e c i e s  savanna (17%), and a s i t e  
dominated  by th e  shrub c i n e r e a  (3%) . Given t h e  a r e a l  
e s t i m a t e s  f o r  each v e g e t a t i o n  ty p e ,  t h e s e  f i g u r e s  appea r  to  be 
r e p r e s e n t a t i v e .  The t r a n s i t i o n a l  v e g e t a t i o n  type ac c o u n t s  f o r  
t h e  s l i g h t l y  lower th a n  ex p ec ted  f i g u r e s  f o r  t h e  mixed s p e c i e s  
and T. s e r i c e a  savanna ty p e s .
135.
Fig. 5.4a Acac ia  dominated depression.
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Fig. 5.4b Mixed species low tree and shrub savanna.
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Fig. 5.4c Terminalia sericea low tree and shrub savanna.
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The g e n e ra l  d e s c r i p t i o n s  of t h e  v e g e t a t i o n  a t  each s i t e  
a r e  g iv e n  in  append ix  A. Grass  cover was v e ry  low th roughout 
t h e  sandve ld  d u r in g  t h e  survey p e r i o d .  H ea l thy ,  g reen  g r a s s  
was found on ly  benea th  dense ,  p r o t e c t i v e  bush cover ,  where 
p r o t e c t e d  from g r a z i n g  a n i m a l s .  The h e i g h t  of t h e  sh rub  l a y e r  
u s u a l l y  v a r i e d  between 0 .5  and 2.5 m. The t r e e  cover  r a r e l y  
exceeded  4 to  5 m, except  i n  t h e  d e p r e s s i o n s  where i n d i v i d u a l  
A cac ia  t r e e s  r eac h  6 to  7 m in  h e i g h t  ( u s u a l l y  a t  t h e  edge of 
r a i n  p a n s ) .  P r o f i l e  diagrams ( f i g .  5 .5 )  of  th e  main 
v e g e t a t i o n  t y p e s  i n d i c a t e  th e  r e l a t i o n s h i p  between t h e  t r e e  
and sh rub  l a y e r s .
The r e c o r d e d  ba s a l  cover  of t h e  g r a s s e s  w i t h i n  t h e  ranch  
a t  T s e t se k u  was 2.9% fo r  th e  sandve ld  q u a d r a t s .  Range surveys  
by APRU (197 9,  1980) a t  T s e t se k u  f o r  t h e  y e a r s  197 4 and 
1977-80 , gave a mean b a s a l  cover v a lu e  of 3.0%, f l u c t u a t i n g  
be tween 1.5% and 6.0%. The v a l u e s  r e c o r d e d  f o r  t h e  i n d i v i d u a l  
v e g e t a t i o n  ty p e s  d u r in g  t h e  1983 survey  a r e  g iven  i n  t a b l e  
5 . 4 .
A d i f f e r e n c e  was no ted  between b a s a l  cover  v a l u e s  i n s i d e  
t h e  ranch  (2.87%) and th o s e  of t h e  communal r a n g e l a n d  (1.34%) 
fo r  t h e  sandve ld  v e g e t a t i o n .  This  was p robab ly  due t o  h ig h ,  
u n c o n t r o l l e d  s t o c k i n g  r a t e s  i n  t h e  communal ran g e ,  l e a d in g  t o  
o v e r - g r a z i n g .  This  d i f f e r e n c e  was t e s t e d  f o r  s i g n i f i c a n c e ,  
u s in g  d a t a  from t h e  mixed s p e c i e s  q u a d r a t s  t o  p rov ide  
comparab le  f i g u r e s .  A t w o - t a i l e d  S tuden t  t  t e s t  (w i th  a 
B esse l  C o r r e c t i o n  f o r  sm al l  sample s i z e )  was used .  The two 
s e t s  of d a t a  were  found t o  be s i g n i f i c a n t l y  d i f f e r e n t  a t  t h e  
99.9% l e v e l  (mean v a l u e s  of 2.95% i n s i d e  t h e  ranch  and 1.96%
190
0 30m
p6m
.4
-2
<3 0
a] Acacia  dominated depress ions .
b] Mixed s p e c i e s  low tree and shrub savanna
c ]  T e r m i n a l i a  s e r i c e a  l ow t r e e  a n d  sh ru b  s a v a n n a
Ae -  Acacia  erubescens  
G -  Grewia sp.
T -  Terminalia ser i cea
Csee fig. 5.6 for full s p e c i e s  composit ion].
Fig. 5.5 Profiles of the main vegetat ion types,  Tset seku Ranch.
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fo r  t h e  communal r a n g e l a n d ) .
The number of woody p l a n t s  pe r  h e c t a r e  (ha ) r e c o r d e d  a t  
T s e t se k u  by APRU (1979 1980) ,  ro s e  s t e a d i l y  from 560 /ha  i n  
1974 to  1060/ha  i n  197 9. This  may be i n t e r p r e t e d  i n  t h r e e  
ways.  F i r s t l y ,  i t  r e p r e s e n t s  a r e c o v e ry  in  t h e  number of 
woody p l a n t s  f o l l o w i n g  t h e  d rough t  p e r io d  of  t h e  1 9 6 0 ' s  (woody 
savanna v e g e t a t i o n  tends  t o  d i e  back d u r in g  p e r io d s  of 
i n s u f f i c i e n t  r e s i d u a l  s o i l  m o i s t u r e  (W al te r ,  1 9 7 1 ) ) .
Secondly ,  i t  maybe th e  r e s u l t  of g r a z i n g  p r e s s u r e  on t h e  g r a s s  
l a y e r ,  l e a d in g  t o  a swing i n  f av o u r  of woody v e g e t a t i o n  , i n  
te rms of c o m p e t i t i o n  f o r  m o i s t u r e ,  n u t r i e n t s  and s p a c e . 
T h i r d l y ,  i t  may have been t h e  r e s u l t  of a com bina t ion  of the se  
f a c t o r s .  The r e s u l t s  of t h e  1983 survey  show a d e c l i n e  i n  
woody p l a n t s  t o  820 /ha  f o r  th e  ranch  ( 8 0 0 /h a  f o r  a l l  t h e  
s andve ld  q u a d r a t s ) .  Th is  may be r e l a t e d  t o  d e c l i n i n g  r a i n f a l l  
d u r in g  t h e  p e r i o d  of  t h e  e a r l y  1980 ' s .  Some d i f f e r e n c e  i n  t h e  
d a t a  may a l s o  r e s u l t  from d i f f e r e n c e s  i n  sample s i z e  between 
t h e  two s t u d i e s  ( t h e  APRU r e s u l t s  w ere  based on on ly  n in e  (20 
m X 20 m) q u a d r a t s ) .
The number of woody s p e c i e s  (as  w e l l  as  t r e e  and shrub  
s u b - t o t a l s )  was low es t  i n  t h e  d e p r e s s i o n s  and h i g h e s t  f o r  t h e  
a r e a s  dominated by s e r i c e a .  The same ra n k in g  was found 
when e s t i m a t e s  w here  l a t e r  made of p e r c e n ta g e  cover w i t h i n  
each  of t h e  main v e g e t a t i o n  t y p e s  ( t a b l e  5 . 3 ) .  The e s t i m a t e s  
of  cover  were made from a e r i a l  p h o to g ra p h ic  d a t a  of t h e  
T s e t se k u  a r e a  ( s e c t i o n  5 . 8 ) .
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The d a t a  was t e s t e d  f o r  s i g n i f i c a n c e  u s in g  a t w o - t a i l e d  
S tu d en t  t  t e s t  (w i th  Besse l  C o r r e c t i o n ) .  The pe rc e n ta g e  cover 
v a l u e s  between t h e  v e g e t a t i o n  t y p e s  was found  t o  be 
s i g n i f i c a n t l y  d i f f e r e n t  a t  th e  99.9% l e v e l .  The cover  ( f i g .
5 .6 )  and p r o f i l e  diagrams ( f i g  5.5)  g iv e  an i n d i c a t i o n  of th e  
r e l a t i o n s h i p  between t h e  s t r u c t u r e  of each v e g e t a t i o n  type  and 
c o v e r .
The s p e c i e s  co m p o s i t io n  of each q u a d r a t  (w i th  s u b - t o t a l s  
f o r  t r e e s  and s h ru b s )  was r e c o r d e d  ( s e e  appendix  A ) .  Table 
5.6 shows t h e  p e r c e n ta g e  occu r renc e  of t h r e e  of th e  dominant 
gene ra  of woody p l a n t s  w i t h i n  t h e  sandve ld  v e g e t a t i o n  t y p e s .
The cover  and p r o f i l e  d iagrams i n d i c a t e  th e  r e l a t i o n s h i p  
of t h e  v a r i o u s  s p e c i e s  w i t h i n  t h e  v e g e t a t i o n  t y p e s .  For 
example,  T. s e r i c e a  can be seen  t o  dominate  th e  upper s t r a t a  of 
t h e  woody v e g e t a t i o n  i n  f i g u r e  5 . 4 c ,  w h i l e  Grewia s p p . , and D. 
c i n e r e a  a r e  occupy t h e  under s t o r e y .
5 . 7 . 4  Range c o n d i t i o n .
Using t h e  d a t a  g a t h e r e d  d u r in g  t h e  f i e l d  s u rv e y ,  a number 
of  f a c t o r s  a f f e c t i n g  range  c o n d i t i o n  and t h e  p o s s i b l e  use of 
L an d s a t  MSS d a t a  f o r  range  a s se s sm en t  were  a n a l y s e d .
a)  Bush Encroachment.
I n c r e a s e  i n  t h e  numbers of  woody p l a n t s  i n  r a n g e l a n d  i s  
g e n e r a l l y  r e g a rd e d  a s  i n d i c a t i v e  of range  d e t e r i o r a t i o n  i n  
Botswana ( F i e l d ,  197 8 ) .  I t  has  been  su g g es ted  t h a t  bush 
encroachment  a c t u a l l y  leads  t o  a d e c r e a se  i n  g r a s s  cover (Van 
Rensburg ,  1971b) .  However, t h e  ev idence  t o  d a t e  shows on ly  a
195
30m
Ae Ae
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o r %
\  Ae
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a] Acacia  dominated depress ions .
Ae
b) Mixed s p e c i e s  low tree and shrub savanna.
c) Terminalia s er icea  low tree and shrub savanna.
A e - Acac ia  eru bescens  
At -  Acacia  tortillis 
C -  C o m b r e t u m  s p .
D -  Dichros tachys  c inerea  
G -  Grewia spp.
L -  Lonchocarpus  nelsii 
T -  Terminalia ser icea  
U -  Unidentified 
X -  Ximenia americana
Fig. 5.6 Cover diagrams of the main vegetat ion types,  Tset seku ranch.
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weak n e g a t i v e  r e l a t i o n s h i p  f o r  a r e a s  comparable w i th  N o r th e rn  
Botswana (APRU, 197 5; Lane,  1981; G r i f f i t h s  and C o l l i n s ,  
1983) .  The 1983 T se t sek u  f i e l d  d a t a  f o r  a l l  t h e  sandve ld  
s i t e s  was used t o  t e s t  f o r  any c o r r e l a t i o n  between p e rc e n ta g e  
b a s a l  cover  of g r a s s  and t h e  number of woody p l a n t s  pe r  
h e c t a r e .  The P e a r s o n  product-moment c o r r e l a t i o n  c o e f f i c i e n t  
( r )  was c a l c u l a t e d  f o r  t h e  b i v a r i a t e  d a t a  s e t ,  u s in g  t h e  
S t a t i s t i c a l  Package f o r  S o c i a l  S c i e n t i s t s  (SPSS and SPSS-X).  
The d a t a  f o r  62 q u a d r a t s  was used .  The d a t a  showed no 
s i g n i f i c a n t  c o r r e l a t i o n ,  r  » 0 .17  ( s e e  f i g .  5 . 7 ) .  The l a c k  of 
c o r r e l a t i o n  may be r e l a t e d  t o  t h e  d e c l i n e  i n  r a i n f a l l  d u r in g  
t h e  e a r l y  1980 ^8, by 1982-3 Botswana was c o n s id e re d  t o  be 
e n t e r i n g  a d rough t  p e r io d  a lo n g  w i t h  th e  r e s t  of s o u th e rn  
A f r i c a .  P r e s s u r e  of g r a z i n g  d u r i n g  t h i s  t ime may have l e d  t o  
a g e n e ra l  l o s s  of g r a s s  cover  th roughou t  t h e  sandve ld  t e r r a i n .  
As n o te d  above ,  only  where g r a s s  was p r o t e c t e d  under  dense 
bush co v e r ,  was i t  observed  t o  be h e a l t h y  and g reen  d u r in g  t h e  
1983 f i e l d  su rvey  p e r i o d .  Hence, a tendency fo r  a r e a s  w i th  
h i g h e r  bush cover t o  r e t a i n  some g r a s s  cover  may have 
r e s u l t e d ,  w h i l e  l e s s  p r o t e c t e d  a r e a s  w i l l  have e x p e r i e n c e d  a 
d e c l i n e .  I f  t h i s  i s  t r u e ,  t h e  a b i l i t y  t o  map t h e  d i s t r i b u t i o n  
o f  woody cover  rem ains  im p o r ta n t  as  i t  cou ld  p rov ide  a measure 
of ' a v a i l a b l e ^  g r a z i n g .  Higher  amounts of woody cover  w i l l  
r e s t r i c t  t h e  g r a z i n g  a v a i l a b l e ,  w he the r  a c t i v e l y  competing 
w i th  t h e  g r a s s  s p e c i e s  o r  n o t .  In p r a c t i c a l  te rm s ,  t h e  e f f e c t  
of bush encroachment  on range  u t i l i z a t i o n  rem ains  d e t r i m e n t a l .
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P e r c e n t a g e  C%) b a s a i  c o v e r  o f  g r a s s .
F ig .  5 . 7  S c a t t e r  d i a g r a m  s h o w i n g  t h e  r e l a t i o n s h i p  b e t w e e n
t r e e s  a n d  s h r u b s  p e r  h e c t a r e  a n d  p e r c e n t a g e  b a s a l  
c o v e r  o f  g r a s s ,  T s e t s e k u  R a n c h  C1983) .
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b) Browse.
C e r t a i n  s p e c i e s  of t r e e  or shrub  a r e  b e n e f i c i a l  w i t h i n  
r a n g e l a n d  i n  p r o v id i n g  browse f o r  domest ic  s to c k .  I n f o rm a t io n  
r e g a r d i n g  t h e  co m p o s i t io n  of th e  woody component i s  t h e r e f o r e  
im p o r ta n t  i n  te rms of range  r e s o u r c e  e v a l u a t i o n .  A method of 
c l a s s i f y i n g  and mapping t h i s  u s in g  s a t e l l i t e  d a t a  would 
p ro v id e  a u s e f u l  management t o o l .  D e s i r a b l e  browse s p e c i e s  
o f t e n  form an im p o r ta n t  component of r a n g e l a n d  v e g e t a t i o n .  In
t h e  p e r i o d  197 6-7 9,  t h e  genus Grewia ( d e s i r a b l e  b row se) ,
accoun ted  f o r  ap p ro x im a te ly  h a l f  of a l l  t h e  i n d i v i d u a l  woody 
p l a n t s  r e c o r d e d  i n  n ine  q u a d r a t s  a t  T se t sek u  (APRU, 1979) .
The 1983 f i e l d  survey  in c lu d e d  d a t a  on t h e  s p e c i e s  
c o m p o s i t io n  of a l l  t r e e s  and shrubs  r e c o r d e d  i n  each of t h e  2 5 
m X 10 m and 30 m x 10 m q u a d r a t s .  The i d e n t i f i e d  s p e c i e s  
were  grouped on t h e  b a s i s  of  t h e i r  'b rowse  v a l u e ' .  A l i s t  of 
s p e c i e s  and t h e i r  f o ra g e  d e s i r a b i l i t y  p u b l i s h e d  by th e  
D i v i s i o n  of  Land U t i l i z a t i o n  (Botswana M in i s t r y  of 
A g r i c u l t u r e )  was used t o  c l a s s i f y  i n d i v i d u a l  s p e c i e s  i n t o  
' p o o r ' ,  ' i n t e r m e d i a t e '  or  ' g o o d '  browse (Hendzel ,  1981 ) .
The browse v a lu e  of th e  t r e e s  and shrubs  of  t h e  sandve ld  
t e r r a i n  was r e l a t i v e l y  even ly  d iv i d e d  between good browse 
(45.0%) and p o o r / i n t e r m e d i a t e  browse (50.7%) w i t h i n  t h e  sample
q u a d r a t s .  A sm a l l  number of u n i d e n t i f i e d  p l a n t s  a cc oun ted  f o r  
t h e  r em a in in g  5.3%. The s i t e  (39) which was dominated by D. 
c i n e r e a  was n o t  i n c l u d e d  i n  t h e  f i g u r e s ,  as  i t  r e p r e s e n t s  a 
l o c a l i s e d  phenomenon. Dense 2» c i n e r e a  shrub cover  i s  o f t e n  
found  on t h e  s i t e  of abandoned k r a a l s .  At s i t e  39 ,  46 (88.5%)
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of t h e  54 r e c o rd e d  t r e e s  and shrubs  were  _D. c i n e r e a  shrubs 
(poor  b ro w se ) ,  t h e  r em a in in g  8 (11.5%) were good browse 
s p e c i e s .  c i n e r e a  i s  one of t h e  main i n d i c a t o r s  of  range
d e t e r i o r a t i o n  a s s o c i a t e d  w i th  bush encroachment i n  Botswana.
I t  forms an  im p o r ta n t  element of t h e  poor browse component of 
v e g e t a t i o n  th roughou t  t h e  sandve ld  t e r r a i n  type ( s e e  t a b l e
5 . 7 ) .  Other s p e c i e s  which dominate  t h e  poor browse component 
in c lu d e  v a r i o u s  A cac ia s  and T. s e r i c e a . The good browse 
component i s  h e a v i l y  dominated by two s p e c i e s  of  Grewia (G. 
b i c o l o r  and G. f l a v a ) , which occur a t  T s e t s e k u .  Grewia 
r e p r e s e n t s  about  68% of t h e  d e s i r a b l e  p l a n t s  w i t h i n  t h e  main 
sandve ld  v e g e t a t i o n  ty p e s  and about  31% of t h e  t o t a l  number of 
woody p l a n t s  r e c o r d e d  d u r in g  t h e  su rvey .
At t h e  l e v e l  of t h e  i n d i v i d u a l  v e g e t a t i o n  t y p e s ,  t h e  
mixed s p e c i e s  savanna had t h e  h i g h e s t  p e r c e n ta g e  of good 
browse p l a n t s ,  w h i l e  t h e  %. s e r i c e a  savanna had t h e  low es t  
v a l u e  ( t a b l e  5 . 7 ) .
The p r o p o r t i o n  of good o r  p o o r / i n t e r m e d i a t e  browse i n  t h e  
v a r i o u s  v e g e t a t i o n  t y p e s  i s  g e n e r a l l y  de te rm ined  by th e  
dominant s p e c i e s ,  no t  t h e  a s s o c i a t e d  s p e c i e s .  The l a r g e  
number of Grewia p l a n t s  (37.9%) in  t h e  mixed savanna type 
a c c o u n t s  f o r  t h e  h igh  p e rc e n ta g e  of good browse (53.0%).
The browse a s p e c t  of range v e g e t a t i o n  must be ta k e n  i n t o  
acc o u n t  i n  management p l a n s ,  f o r  example,  bush c o n t r o l .  Bush 
c o n t r o l  may in v o lv e  u s in g  f i r e ,  mechanica l  ( b u l l d o z e r s ,  manual 
c l e a r i n g ) ,  chem ica l ,  or  b i o l o g i c a l  means (use of c e r t a i n  
browsing  a n i m a l s ,  fo r  example g o a t s ,  t o  e a t  o f f  young s h r u b s ) .
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Bush c o n t r o l  i s  o f t e n  ex p en s iv e  or p o t e n t i a l l y  damaging t o  th e  
env i ronm en t .  For example t h e  use of g o a t s  t o  c o n t r o l  th e  
growth of shrubs may r e s u l t  i n  d e s i r a b l e  browse s p e c i e s  be ing  
p r e f e r e n t i a l l y  e a t e n ,  r e s u l t i n g  i n  an i n c r e a s e  i n  t h e  
c o m p e t i t i v e n e s s  of  u n d e s i r a b l e  s p e c i e s  such as D_. c i n e r e a  and 
c e r t a i n  A c a c i a s .  A method of  l o c a t i n g  and mapping a r e a s  of 
d i f f e r i n g  browse p o t e n t i a l  u s in g  s a t e l l i t e  d a t a  would a i d  
management d e c i s i o n s .  I t  would a l s o  p rov ide  u s e f u l  
i n f o r m a t i o n  a t  t h e  r e c o n a i s s a n c e  l e v e l  when la n d u se  p l a n s  a r e  
be ing  e s t a b l i s h e d .
5 .8  E s t i m a t i o n  of woody cover u s in g  a e r i a l  pho tography .
5 . 8 . 1  L o c a t io n  of  sample s i t e s .
A e r i a l  p h o to g ra p h ic  d a t a  (1 :5 0 ,0 0 0  s c a l e ,  b l a c k  and 
w h i t e ;  13 -  16 May 1983) ,  t o g e t h e r  w i th  ground d a t a  and 
p ho tog raphs  (A p r i l  -  June 1983 ) ,  was used t o  o b t a i n  e s t i m a t e s  
of  t h e  p e r c e n ta g e  cover of woody s p e c i e s  th roughou t  t h e  
K a la h a r i  Sandveld  zone .  S e l e c t e d  sample s i t e s  were  to  
c o r r e s p o n d  t o  a group of  p i x e l s  on a L a n d s a t  image of th e  same 
month (7 May 1983, 10=40995-07 551) .
O r i g i n a l l y ,  s i t e s  were  s e l e c t e d  by g e n e r a t i n g  random 
c o o r d i n a t e s  and l o c a t i n g  t h e  p o s i t i o n  on 1 :50 ,000  s c a l e  maps 
o f  t h e  a r e a .  However, su b se q u en t ,  a c c u r a t e  l o c a t i o n  of 
L andsa t  p i x e l s  was d i f f i c u l t  and a d i f f e r e n t  method was 
a d o p te d .  Blocks of  fo u r  p i x e l s  (2 x 2) of  s i m i l a r  r e f l e c t a n c e  
r e s p o n s e  were  s e l e c t e d  where th e s e  formed p a r t  o f ,  or occu r red  
c l o s e  t o ,  an i d e n t i f i a b l e  image f e a t u r e .  These image f e a t u r e s
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c o r re s p o n d  w i t h  ground f e a t u r e s  seen  on a e r i a l  pho tog raphs .
The blocks  of fou r  p i x e l s  were  l o c a t e d  v i s u a l l y ,  u s ing  an  
a u t o m a t i c a l l y  c o n t r a s t  s t r e t c h e d  c o lou r  composite  (MSS bands ,  
4 ,  5 ,  and 7 ) .  The column and row c o o r d i n a t e s  of  t h e  p i x e l s  
were r e c o r d e d ,  as  were  t h e i r  r e f l e c t a n c e  v a l u e s  i n  t h e  four  
L an d sa t  MSS bands .  The c o o r d i n a t e s  were l a t e r  used t o  
r e l o c a t e  t h e  b locks  of  p i x e l s  once t h e  imagery had undergone 
f u t h e r  enhancements,  fo r  example band r a t i o i n g .  This  a l low ed  
t h e  num e r ica l  v a l u e s  of  t h e  p i x e l s  t o  be r e c o rd e d  a f t e r  th e se  
d a t a  t r a n s f o r m a t i o n s .
The p i x e l  groups were  l o c a t e d  on t h e  a e r i a l  pho tography 
u s in g  t h e  image f e a t u r e s  p r e v i o u s l y  i d e n t i f i e d ,  which 
co r re s p o n d  t o  v i s i b l e  ground f e a t u r e s .
When s e l e c t i n g  t h e  o r i g i n a l  p i x e l  b locks  on t h e  L andsa t  
image,  t h e  s c r e e n  c u r s o r  was p o s i t i o n e d  u s in g  t h e  image column 
and row numbers and a p a i r  of random numbers a s  c o o r d i n a t e s ,  
th e n  t h e  n e a r e s t  s u i t a b l e  group of  p i x e l s  was s e l e c t e d .  This  
p ro c e d u re  i n t r o d u c e d  an  e lement of randomness i n t o  an  
o th e r w i s e  s u b j e c t i v e  s e l e c t i o n  of  sample ' s i t e s ' .
5 . 8 . 2  Measurement of cover  from a e r i a l  ph o to g rap h s .
The sample a r e a s  were  l o c a t e d  on t h e  1:50 000 a e r i a l  
pho tographs  ( f i g .  5 . 8 ) ,  and w ere  examined s t e r e o s c o p i c a l l y  a t  
x3 m a g n i f i c a t i o n .  A s i n g l e  pho tograph  was t h e n  p la c e d  under  a 
b i n o c u l a r  m ic ro s c o p e ,  w i th  overhead  i l l u m i n a t i o n ,  and viewed 
a t  xlO m a g n i f i c a t i o n .
2 Oil
Fig. 5.8 1;50 000 scale aerial photograph of part of the study area.
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A c l e a r  g r i d  o v e r l a y  of 0 .2 m i l l i m e t r e  s q u a re s  was p la ced  
over  t h e  sample s i t e s  on t h e  pho tographs  ( t h e  g r i d  
c o r re s p o n d e d  t o  10 me tre  i n t e r v a l s  on t h e  g ro u n d ) .  The g r i d  
p ro v id e d  400 i n t e r s e c t i o n s  o r  ' p o i n t s '  per  s i t e .  These 
i n t e r s e c t i o n s  were  used t o  make a ' p o i n t  c o u n t '  measurement of 
t h e  amount of woody cover p r e s e n t  w i t h i n  each sample.  The 
number of p o i n t s  which o c c u r r e d  over  t r e e  or shrub  cover  were  
r e c o r d e d .  Th is  number was t h e n  e x p re s s e d  a s  a p e rc e n ta g e  of 
t h e  t o t a l  nun her  of p o i n t s ,  g iv i n g  t h e  pe rc e n ta g e  cover  v a l u e  
f o r  th e  sample.
C e r t a i n  problems were a n t i c i p a t e d  i n  u s ing  t h e  method 
p r e s e n t e d  above.  At t h e  1 :50 ,000  s c a l e ,  smal l  shrubs cou ld  
n o t  be i n d i v i d u a l l y  i d e n t i f i e d  ( t h e r e f o r e  no enum era t ion  of 
t r e e s  and shrubs  was u n d e r ta k e n  f o r  t h e s e  sample s i t e s ) ,  
a l th o u g h  t r e e s  and l a r g e r  shrubs  could  be d i s t i n g u i s h e d .  
T h e r e f o r e ,  t o  i d e n t i f y  woody cover ,  i n t e r p r e t a t i o n  based  on 
to ne  and t e x t u r e  of t h e  photograph was made, a ided  by f i e l d  
d a t a  and a p p r o p r i a t e  ground l e v e l  pho tography .  F i e l d  
e x p e r i e n c e  of t h e  s tudy  a r e a  was u s e f u l  as  an  a i d  t o  a i r  
pho tograph  i n t e r p r e t a t i o n .  A s tudy by G i s l a d o t t i r  (1983) 
shows t h a t  f i e l d  e x p e r i e n c e  can markedly  i n c r e a s e  t h e  accuracy  
of i n t e r p r e t a t i o n  of v e g e t a t i o n  cover c l a s s e s .
The b lack .a r id  w h i t e  photography  a l s o  had t h e  d i s a d v a n ta g e  
t h a t  v a r i e d  f e a t u r e s  may have a s i m i l a r  tone and t e x t u r e  but  
no t  c o l o u r .  Thus, two d i f f e r e n t  f e a t u r e s  may be c l a s s i f i e d  
t o g e t h e r  on t h e  b a s i s  of  tone  and t e x t u r e  a l o n e .  For example,  
i n  t h e  Sandveld  zone ,  l a rg e  f l a t  topped A cac ia  t r e e s  a r e  found 
growing on t h e  p e r ip h e ry  of smal l  r a i n  pans .  The pans and
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t r e e s  a r e  o f t e n  s i m i l a r  in  to ne  to  each o t h e r ,  on th e  
ph o to g rap h s ,  and s p e c i a l  c a r e  must be ta k e n  no t  t o  m i s c l a s s i f y  
t h e  pans a s  woody cover  or v i s a  v e r s a .  To a c e r t a i n  e x t e n t  
t h i s  problem was e l i m i n a t e d  by ex am in a t io n  of  t h e  s i t e s  under 
t h e  s t e r e o s c o p e ,  b e f o r e  t h e  p o i n t  coun t s  were  made.
5 . 8 .3  Comparison of 1:50 000 w i th  1 :10  000 s c a l e  a e r i a l  
pho to g rap h s .
A compar ison  between t h e  1 :50 000 b l a c k  and w h i t e ,  and 
1 :10  000 c o l o u r  (Kodak 2445 f i lm )  a i r  pho tographs  of  a smal l  
p a r t  of t h e  s tudy  a r e a  was made to  t e s t  t h e  accu racy  of cover 
measurements  made w i th  t h e  fo rm er .  The co lou r  pho tographs  
cover  th e  a r e a  of T s e t sek u  r a n c h .  The c o lou r  photography was 
f lown a month a f t e r  t h e  b l a c k  and w h i t e  (16 June 1983) .
The s c a l e  of  t h e  co lou r  pho tographs  d id  a l low  
i d e n t i f i c a t i o n  of  i n d i v i d u a l  shrubs of l e s s  t h a n  one m e t r e  i n  
d i a m e te r ,  when viewed  s t e r e o s c o p i c a l l y .  The co lour  f i l m  a l s o  
e l i m i n a t e s  some of t h e  problems a s s o c i a t e d  w i t h  d i f f e r e n t  
f e a t u r e s  h av ing  s i m i l a r  t o n a l  v a l u e s .
For t h e  p u rp o s es  of  f i e l d  su rv e y ,  a p l a n t  was d e f in e d  a s  
p a r t  of t h e  shrub  l a y e r  i f  i t  was between 0 .5  to  3 m i n  h e i g h t  
and abou t  1 m or more i n  d i a m e te r .  At t h e  s c a l e  of 1 ;10  000,  
u s in g  a s t e r e o s c o p e  w i t h  x3 m a g n i f i c a t i o n ,  i t  was p o s s i b l e  to  
i d e n t i f y  a l l  t h e  shrub  and t r e e  cover  a t  each s i t e ,  u s in g  t h e  
above d e f i n i t i o n  f o r  ' s h r u b ' .
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T h i r t y - t w o  sample s i t e s  were  s e l e c t e d  i n  and around  
T s e t se k u  Ranch.  A number of th e se  were  c o i n c i d e n t  w i th  ground 
survey  s i t e s  v i s i t e d  d u r in g  A p r i l ,  May and June  of 1983 . 
O u t l i n e s ,  t r a c k s  and boundary fe n c e s  were used t o  l o c a t e  
sample p l o t s  on bo th  s e t s  of ph o to g rap h s .  A 0 .2  mm g r i d  was 
used  f o r  p o i n t  sampl ing t h e  1 :50  000 pho to g rap h s  and a 1.0 mm 
g r i d  f o r  t h e  1 :10  000.  These g r i d s  g iv e  th e  same s i z e  sample 
p l o t  and number of p o i n t s  a t  bo th  s c a l e s  (200 m x 200 m p l o t  
of 400 sample p o i n t s ) .  The r e s u l t s  f o r  each of t h e  s i t e s  i s  
shown i n  t a b l e  5 . 8 .
The r e s u l t s  s u gges t  t h a t  t h e  use of 1:50 000 s c a l e  
pho tog raphs  t o  measure  cover  i s  a c c e p t a b l e .  The l a r g e s t  
d i f f e r e n c e s  can be e x p l a i n e d  a s  a r e s u l t  of some of t h e  
problems d i s c u s s e d  above,  f o r  example sample number two 
i n c lu d e d  a r a i n  pan which i t  was d i f f i c u l t  t o  d i s t i n g u i s h  from 
p a r t s  o f  t h e  canopy on t h e  monochrome pho tog raph ,  and was 
i n c lu d e d  i n  t h e  cover measurement .  Where h i g h e r  p e r c e n ta g e s  
were  found a t  t h e  h i g h e r  r e s o l u t i o n ,  i t  was n o te d  t h a t  s n a i l  
s c a t t e r e d  shrubs  (n o t  i d e n t i f i a b l e  a t  1:50 000) were 
i n c r e a s i n g  t h e  p o i n t  s c o r e  f o r  co v e r .
A s t a n d a r d  s t u d e n t  t  t e s t  was performed u s in g  t h e  d a t a  
f o r  bo th  s e t s  of p h o to g ra p h s .  There was found t o  be no 
s i g n i f i c a n t  d i f f e r e n c e  between t h e  two s e t s  of  f i g u r e s  a t  th e  
95% l e v e l .
208
Table  5 .8  Comparison of P e rcen tage  Cover Measurements u s ing
1:10 000 and 1:50 ,000  S ca le A e r i a l  Photography
Sample % Cover D i f f e r e n c e
1 :10  000 1:50 000
1 24 .25 26.2  5 +2 .00
2 20.7 5 25 .75 +5 .00
3 55.00 59.00 +4.00
4 23.2  5 24 .75 +1.50
5 22.50 22.25 - 0 . 2 5
6 25.25 25.00 - 0 . 2 5
7 25.50 27 .50 +2 .00
8 72 .25 71.50 - 0 .7 5
9 36.75 3 5 .25 - 1 .5 0
10 27 .7 5 31 .75 +4.00
11 25.50 27.2 5 +1.7 5
12 22.00 24.25 +2.2 5
13 28.00 24.00 - 4 .0 0
14 16.00 19.50 +3.50
15 11.50 13.00 +1.50
16 26.50 20 .2 5 - 6 . 2  5
17 28.00 23.75 - 4 . 2  5
18 21 .25 17.75 - 3 .5 0
19 21.00 23.50 +2.50
20 23.2 5 19.75 - 3 .5 0
21 24.50 19.00 - 5 .5 0
22 12.25 14.00 +1.7 5
23 13.50 10.50 -2 .0 0
24 11.75 10.50 - 1 . 2  5
25 14.50 13.00 - 1 .5 0
26 16.25 17.00 +0.75
27 17.50 ,12.50 - 5 .0 0
28 15.75 13.50 - 2 .2  5
29 13.00 8.00 - 5 .0 0
30 13.50 12.50 - 1 .0 0
31 13.25 14.50 +1.2 5
32 19.75 19.00 - 0 .7  5
mean 23 .18 22.69 +Z-2.55
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5.9 A n a ly s i s  of  t h e  r e l a t i o n s h i p  between L andsa t  MSS d a t a  and 
woody cover .
I n i t i a l l y ,  49 b loc ks  of  sample p i x e l s  were  l o c a t e d  on th e  
May 1983 Landsa t  scene .  The c o r r e s p o n d in g  s i t e s  on t h e  a e r i a l  
pho tographs  were  found and t h e  pe rc e n ta g e  woody cover  v a l u e s  
c a l c u l a t e d .  The mean r e f l e c t a n c e  v a l u e  f o r  each MSS band was 
c a l c u l a t e d  f o r  t h e  49 samples .  The mean v a l u e s  were r e g a rd e d  
a s  c o r r e s p o n d in g  t o  t h e  ground r e f l e c t a n c e  c o n d i t i o n s  found 
w i t h i n  t h e  sample s i t e s  l o c a t e d  on t h e  a e r i a l  pho to g rap h s .  
Because t h e r e  i s  a c e r t a i n  amount of o v e r l a p  between 
n e i g h b o u r in g  p i x e l s  on a s i n g l e  scan  l i n e ,  t h i s  r e s u l t s  i n  
nominal  p i x e l  s i z e  of 56 m x 79 m ( v e r s u s  t h e  79 m x 79 m a r e a
f o r  which t h e  r e f l e c t a n c e  d a t a  i s  a c t u a l l y  d e r iv e d  by t h e
s e n s o r ) .  T h e r e f o re ,  t h e  a c t u a l  a r e a  of r e f l e c t a n c e  
measurement i n  t h e  sample b locks  i s  (2 x 79 m) x (2 x 79 m) 
l e s s  t h e  amount of o v e r l a p  (23 m) between n e i g h b o u r in g  p i x e l s  
on t h e  scan l i n e ,  r e s u l t i n g  i n  an  a r e a  of 158 m x 135 m. The 
a r e a  of t h e  p o i n t  count  sample g r i d ,  which i s  used t o  measure  
t h e  amount of woody c o v e r ,  i s  e q u i v a l e n t  t o  200 m x 200 m on
t h e  ground s u r f a c e  (4 mm x 4 mm on t h e  1:50 000 a e r i a l
pho tography)  . The l a r g e r  pho tograph  sample s i z e  t a k e s  i n t o  
acc oun t  any e r r o r  of l o c a t i o n  of t h e  L a n d s a t  samples.
As w e l l  as  t h e  i n d i v i d u a l  MSS band v a l u e s ,  a number of 
enhancement p r o c e d u re s  were  c a r r i e d  ou t  on t h e  image 
s u b - s c e n e s  c o n t a i n i n g  t h e  sample s i t e s .  The new v a l u e s  based 
on t h e  enhancements,  f o r  each of t h e  sample s e t s  of  p i x e l s  was 
r e c o r d e d  and t h e  mean v a l u e s  c a l c u l a t e d .  The enhancements 
i n c lu d e d  a number of band r a t i o s  based  on t h e  v i s i b l e  r e d .
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c h l o r o p h y l l  a b s o r p t i o n ,  waveband (MSS band 5 ) ,  and t h e  n ea r  
i n f r a - r e d  waveband (MSS band 7 ) ,  which i s  h i g h l y  r e f l e c t e d  by 
h e a l th y  g reen  v e g e t a t i o n .  These in c lu d e d  t h e  s imple r a t i o  of 
7 / 5 ,  as  w e l l  as  more complex r a t i o s  such as  t h e  n o rm a l i s ed  
d i f f e r e n c e  v e g e t a t i o n  index  used  by Lane (1982) . A P r i n c i p a l  
Components A n a l y s i s  of t h e  scene d a t a  was a l s o  c a r r i e d  out  and 
t h e  v a l u e s  of  t h e  sample p i x e l s  r e c o r d e d  i n  t h e  f i r s t  fou r  
p r i n c i p a l  components.  A l l  th e  enhancements were  u n d e r ta k e n  
u s in g  t h e  DIAD image p r o c e s s i n g  system.
The c a l c u l a t e d  mean v a l u e s  f o r  th e  sample p i x e l  groups 
( i n d i v i d u a l  band v a l u e s  and t h e  r e s u l t s  of  enhancem ents ) ,  were 
t h e n  compared w i th  t h e i r  co r r e s p o n d in g  v a l u e s  f o r  pe rc e n ta g e  
woody c o v e r .  S c a t t e r  diagrams were  p l o t t e d  w i t h  p e r c e n ta g e  
woody cover  as t h e  independen t  v a r i a b l e  (x)  and t h e  v a r i o u s  
r e f l e c t a n c e  v a l u e s  a s  t h e  dependent  v a r i a b l e  (y) . The 
r e l a t i o n s h i p  between t h e  p e r c e n ta g e  woody cover  (x) and t h e  
dependent  v a r i a b l e s  (y) was t e s t e d  u s in g  t h e  P ea r son  
product-moment c o r r e l a t i o n  c o e f f i c i e n t  ( r ) .
The s t r e n g t h  of t h e  r e l a t i o n s h i p  between t h e  v a r i a b l e s  
was ranked  on t h e  b a s i s  of  t h e  c o r r e l a t i o n  c o e f f i c i e n t  ( r )  and 
i s  g iv e n  below ( t a b l e  5 . 9 ) .  The h i g h e s t  c o r r e l a t i o n  ( r  = 
- 0 . 9 4 )  was c a l c u l a t e d  f o r  p e r c e n ta g e  woody cover  a g a i n s t  t h e  
i n d i v i d u a l  MSS band 5 v a l u e s  f o r  th e  49 samples ( f i g .  5 . 9 ) .
I t  i s  i n t e r e s t i n g  t o  n o te  t h a t ,  ex c lu d in g  t h e  f i r s t  
p r i n c i p a l  component ( ranked  t h i r d ) ,  t h e  s t r o n g e s t  c o r r e l a t i o n s  
between p e rc e n ta g e  woody cover and t h e  L a n d s a t  d a t a  v a r i a b l e s ,  
i s  w i t h  th e  i n d i v i d u a l  MSS band v a l u e s .  A l l  of t h e s e  v a l u e s
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Fig.  5 . 9  S c a t t e r  d i a g r a m  s h o w i n g  t he  r e l a t i o n s h i p  b e t w e e n  
p e r c e n t a g e  w o o d y  c o v e r  a n d  MSS b a n d  5 v a l u e s .
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have a s t r o n g  n e g a t i v e  c o r r e l a t i o n  w i th  th e  cover  d a t a .  This  
n e g a t i v e  r e l a t i o n s h i p  was ex p e c te d  f o r  c e r t a i n  of t h e  MSS 
bands ,  because of th e  v e ry  h ig h l y  r e f l e c t i v e  n a t u r e  of th e  
s o i l s  of th e  K a la h a r i  Sandveld t e r r a i n ,  in  c o n t r a s t  w i t h  th e  
r e s p o n s e s  from v e g e t a t i v e  c o v e r .
MSS band 5, t h e  h i g h e s t  r a n k in g  of  t h e  L an d sa t  d a t a  
v a r i a b l e s ,  r e c o rd s  r e f l e c t a n c e s  i n  t h e  v i s i b l e  r e d  l i g h t  
s e c t i o n  of t h e  e l e c t r o m a g n e t i c  spec trum and i n c l u d e s  a peak of 
h igh a b s o r p t i o n  (by c h l o r o p h y l l )  a t  abou t  0 . 6 5  um. T h e re fo re ,  
where g reen  woody v e g e t a t i o n  cover i s  h i g h ,  t h e  MSS band 5 
v a l u e s  w i l l  tend  t o  be low, w h i l e  a r e a s  w i t h  low woody cover  
and h igh  amounts of  exposed ,  h ig h l y  r e f l e c t i v e  sandy s o i l s  
w i l l  have h igh  re sponse  v a l u e s .  A s i m i l a r  n e g a t i v e  
r e l a t i o n s h i p  had been found ,  by G r i f f i t h s  and C o l l i n s  (1 9 8 3 ) ,  
f o r  MSS band 5 v a l u e s  and n o n -g re e n  woody c o v e r .  However, 
t h e i r  c o r r e l a t i o n  between t h e  two v a r i a b l e s  ( r  * - 0 . 6 )  was n o t  
a s  s t r o n g  a s  t h a t  found f o r  g r e e n  woody cover  ( r  = - 0 . 9 4 ) .
Th is  i s  n o t  t o t a l l y  a r e s u l t  of d i f f e r e n c e s  i n  t h e  r e s p o n s e  of 
n o n -g re e n  and g r e e n  woody v e g e t a t i o n  t o  v i s i b l e  r e d  l i g h t .
The s t r o n g  n e g a t i v e  c o r r e l a t i o n s  between cover  and o t h e r  MSS 
bands which a r e  a s s o c i a t e d  w i t h  h igh  r e f l e c t a n c e s  from g reen  
v e g e t a t i o n  (MSS bands 6 and 7 ) ,  i n d i c a t e s  t h a t ,  a l th o u g h  
c h l o r o p h y l l  a b s o r p t i o n  may in c r e a s e  t h e  c o n t r a s t  between woody 
cover  and b a re  s o i l ,  t h e  r e l a t i o n s h i p  i s  a  more g e n e r a l  one,  
which i n c l u d e s  a l l  of t h e  L an d s a t  w ave-bands . D i f f e r e n c e s  i n  
t h e  r e s u l t s  between t h e  two s t u d i e s  may be t h e  r e s u l t  of both  
e n v i ro i m e n t a l  f a c t o r s  and sampl ing  p r o c e d u r e s .  The Kenyan 
s tudy  was i n  an  a r e a  of lower average  r a i n f a l l  (< 150mm) t h a n
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t h e  Botswanan s tu d y ,  w i th  a v e g e t a t i o n  of dwarf shrub 
g r a s s l a n d  and "bushed '  g r a s s l a n d  ( c h a r a c t e r i s e d  by Acac ia  
r e f i c i e n s ) and p r e dom inan t ly  s a n d y / s i l t y  s o i l s .  Green 
v e g e t a t i o n  a t  t h e  t ime of L andsa t  d a t a  a c q u i s i t i o n  f o r  Kenya 
(June  197 9) was th o u g h t  to  be r e s t r i c t e d  t o  t h e  herbaceous  
l a y e r .  However, t h e  lower r a i n f a l l  c o n d i t i o n s  m igh t  be 
ex p e c te d  t o  produce c o n d i t i o n s  which would i n c r e a s e  the  
c o n t r a s t  between t h e  r e s p o n s e  of b a r e  s o i l  and woody cover ,  
r a t h e r  th a n  l e s s e n  t h i s .  Because of t h e  im por tance  of th e  
s o i l  r e sp o n se  i n  t h e  r e l a t i o n s h i p  under i n v e s t i g a t i o n ,  
d i f f e r e n c e s  i n  s o i l  f a c t o r s  such as  co lour  and t e x t u r e  may 
play an im p o r ta n t  r o l e  i n  t h e  v a r i a t i o n  w i t h i n  t h e  Kenyan 
d a t a .  G r i f f i t h s  and C o l l i n s  (1983) a l s o  s t a t e  t h a t  t h e i r  
" . . . s u r v e y  t o  c o l l e c t  g ro u n d -d a ta  was f lown two y e a r s  a f t e r  
t h e  d a t e  of t h e  l a t e s t  a v a i l a b l e  L an d s a t  scene . . . "  and 
a l t h o u g h  they  " . . . a s s u m e d  t h a t  t h e  ground cover  had n o t  
changed s u b s t a n t i a l l y  d u r in g  t h e  two i n t e r v e n i n g  y e a r s  of  nea r  
normal r a i n f a l l . " ,  t h i s  d i f f e r e n c e  i n  t h e  t im in g  of  t h e  d a t a  
may have i n f l u e n c e d  t h e  r e s u l t s .
I t  has  been  n o te d  t h a t  t h e  o t h e r  i n d i v i d u a l  L an d sa t  bands 
(MSS bands 4 ,  6 and 7) a r e  o f t e n  a s s o c i a t e d  w i t h  Speaks" of 
r e f l e c t i v i t y  in  t h e  s p e c t r a l  r e s p o n s e s  of g r e e n  v e g e t a t i o n .
MSS band 4 ( v i s i b l e  g reen  l i g h t )  i s  g e n e r a l l y  a s s o c i a t e d  w i t h  
a s l i g h t  peak a t  about  0 . 5 4  ( s e e  f i g .  2 . 1 ) .  MSS band 6 i s  
a s s o c i a t e d  w i th  t h e  s t e e p  i n c r e a s e  i n  r e f l e c t i v i t y  of g reen  
v e g e t a t i o n  ( t h e  " r e d  edge" )  in  t h e  n e a r  i n f r a r e d  w a v e le n g th s ,  
r e a c h i n g  a peak  i n  t h e  range  of MSS band 7 (0 .8  t o  1.1 jm ) , 
Although th e s e  peaks i n  r e s p o n s e  occur i n  t h e  s p e c t r a l
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re sponse  cu rve  of g reen  v e g e t a t i o n ,  i t  has  been  no te d  t h a t  i n  
r e g i o n s  of  low r a i n f a l l ,  " . . . t h e  r e f l e c t a n c e  from very  dry 
h ig h l y  r e f l e c t i v e  s o i l s  can be h ig h e r  i n  t h e  n ea r  i n f r a r e d  
t h a n  f o r  v e g e t a t i o n . "  (A l l e n  and R ic h a r d s ,  1983 ) .  This  i s  i n  
c o n t r a s t  t o  more humid a r e a s ,  where v e g e t a t i o n  r e s p o n s e  i n  t h e  
i n f r a r e d  w av e le n g h t s  i s  u s u a l l y  much h ig h e r  t h a n  t h a t  f o r  
s o i l s  (because  of a b s o r p t i o n  of  i n f r a r e d  w av e le n g th s  by 
m o i s t u r e  i n  t h e  s o i l )  . Thus i n  a r i d  and s e m i - a r i d  zones ,  
h ig h e r  v e g e t a t i o n  cover  may a c t u a l l y  produce lower  i n f r a r e d  
r e f l e c t a n c e  v a l u e s  th a n  th o s e  o b t a in e d  from lew v e g e t a t i o n  
cover  w i th  a l a r g e  a r e a  of exposed s o i l  s u r f a c e .  This  
c e r t a i n l y  appea rs  t o  be t h e  case i n  t h e  K a l a h a r i  Sandveld 
t e r r a i n  zone ,  where h igh  i n f r a r e d  v a l u e s  a r e  a s s o c i a t e d  w i th  
low p e rc e n ta g e  woody cover  v a l u e s .
The v a l u e s  of  th e  f i r s t  p r i n c i p a l  component (which 
a cc oun ted  f o r  89.53% of t h e  v a r i a t i o n  i n  t h e  o r i g i n a l  four  
band d a t a  s e t ) ,  appea r  t o  r e p r e s e n t  "image b r ig h tn e s s" ,  of t h e  
o r i g i n a l  d a t a .  As d e s c r i b e d  above ,  image v a l u e s  w i t h i n  t h e  
sandve ld  t e r r a i n  t e n d ,  f o r  t h e  fo u r  MSS bands ,  t o  be h ig h l y  
c o r r e l a t e d .  High v e g e t a t i o n  cover  r e s u l t e d  i n  low MSS v a l u e s  
and low cover  produced  h ig h  v a l u e s  i n  a l l  bands ( t h e  low es t  
c o r r e l a t i o n  between MSS band v a l u e s  f o r  th e  49 sample v a l u e s  
was r  * 0 .9 5  fo r  ISS bands 4 and 6,  t h e  h i g h e s t  was f o r  th e  
two i n f r a r e d  bands ,  r  =» 0 . 9 9 ) .  Th is  s t r o n g  p o s i t i v e  
c o r r e l a t i o n  between w i t h i n  t h e  L an d sa t  d a t a  p roduces  a majo r  
a x i s  i n  t h e  d a t a  based  on i n c r e a s i n g  r e f l e c t a n c e  l e v e l s ,  
r e p r e s e n t e d  by t h e  f i r s t  p r i n c i p a l  component.  T h e re fo re ,  t h e  
f i r s t  p r i n c i p a l  component would be e x p ec ted  t o  g iv e  a s t r o n g
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n e g a t i v e  c o r r e l a t i o n  w i t h  p e r c e n ta g e  woody cover .
Because of t h e  s t r o n g  p o s i t i v e  c o r r e l a t i o n s  between t h e  
L andsa t  MSS band v a l u e s  of th e  sandve ld  zone imagery,  t h e  band 
r a t i o s  t e s t e d  a l s o  show s t r o n g  r e l a t i o n s h i p s  w i th  t h e  v a l u e s  
f o r  woody co v e r .  One of t h e se  r a t i o s  (7 /5 )  was t h e  v a r i a b l e  
ranked  a s  hav ing  t h e  most u s e f u l  r e l a t i o n s h i p  w i th  woody cover 
by Lane (1981) . This  r a t i o  was ranked  n i n t h  i n  t h e  p r e s e n t  
s t u d y , but  s t i l l  showed a s t r o n g  c o r r e l a t i o n  ( r  = 0 .84 )  when 
compared t o  t h e  r e s u l t  o b t a in e d  by Lane ( r  = < 0 . 2 2 ) .  Lane 
ranked  MSS band 5 as  t h e  t h i r d  most u s e f u l  v a r i a b l e .
I t  a p p e a r s  t h a t  i n  t h e  case  of th e  study  a r e a  ( K a la h a r i  
Sandveld  t e r r a i n )  woody cover  ( i n  t h e  absence  of an 
s i g n i f i c a n t  he rbac eous  ground l a y e r  v e g e t a t i o n )  i s  i n v e r s e l y  
r e l a t e d  t o  t h e  r e c o r d e d  r e f l e c t a n c e  v a l u e s  i n  t h e  range  0 .5  t o
1.1 Jim ( t h e  range  of t h e  L a n d s a t  MSS s y s t e m ) .  This  a p p e a r s  t o  
be connec ted  w i t h  v e ry  h igh  r e f l e c t a n c e  v a l u e s  t y p i c a l  of d ry ,  
l i g h t  c o lo u re d  s o i l s  i n  a r i d  and s e m i - a r i d  zones  and t h e  
r e l a t i v e l y  lower r e s p o n s e  v a l u e s  of  t h e  v e g e t a t i o n  t y p i c a l  of 
th e s e  c l i m a t i c  t y p e s .  Because of t h e  r o l e  of v i s i b l e  r e d  
l i g h t  i n  t h e  p h o t o s y n t h e t i c  p r o c e s s  (hence h igh  a b s o r p t i o n  by 
g r e e n  p l a n t  m a t e r i a l  of t h i s  s e c t i o n  of t h e  spectrum) t h e  MSS 
band 5 v a l u e s  p rov ide  t h e  b e s t  ( n e g a t i v e )  c o r r e l a t i o n  w i th  
p e r c e n ta g e  woody co v e r .  The p a r t s  of th e  woody p l a n t s  which 
do n o t  form p h o t o s y n e t h e t i c  o rg a n s  (and l a c k  c h l o r o p h y l l )  w i l l  
a l s o  t e n d  t o  produce lower  r e f l e c t a n c e  v a l u e s  t h a n  t h e  s o i l  
s u r f a c e  (a s  dem ons t r a ted  by G r i f f i t h s  and C o l l i n s  (1983))  and 
t h e r e f o r e  c o n t r i b u t e  t o  t h e  e f f e c t .  The r e f l e c t i v i t y  of 
d i f f e r e n t  s p e c i e s  of woody p l a n t  may v a ry ,  depending on
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f a c t o r s  such as l e a f  shape,  s i z e  and p ig m e n ta t io n ,  w he ther  th e  
p l a n t  i s  h e a l t h y  or  s t r e s s e d ,  and t h e  co lour  and t e x t u r e  of 
ba rk .  However, t h e  r e s u l t s  from th e  sample s i t e s  (which cover 
t h e  d i f f e r e n t  v e g e t a t i o n  ty p e s  of t h e  sandve ld  a r e a  and 
in c lu d e  a number of s i t e s  w i t h i n  t h e  f r i n g e  woodland,  of th e  
r i v e r i n e  zone t e r r a i n  ty p e )  s u g g e s t s  t h a t  s p e c i e s  d i f f e r e n c e s  
do no t  g r e a t l y  a f f e c t  t h e  r e l a t i o n s h i p  between r e f l e c t a n c e  
v a l u e s  and (g r e e n )  woody cover .
5 .10  C l a s s i f i c a t i o n  of  woody cover .
5 .1 0 .1  I n t r o d u c t i o n .
Having o b t a i n e d  t h e  r e s u l t s  of th e  c o r r e l a t i o n  a n a l y s i s ,  
which d e s c r i b e d  t h e  d eg ree  of th e  r e l a t i o n s h i p s  between t h e  
woody cover  d a t a  and t h e  v a r i o u s  L andsa t  d a t a  v a r i a b l e s ,  th e  
form of t h e  r e l a t i o n s h i p s  was c a l c u l a t e d  u s in g  a b e s t  f i t  
l i n e a r  r e g r e s s i o n  (STATISTICS o p t i o n ,  w i t h i n  t h e  SPSS and 
SPSS-X SCATTERGRAM commands (SPSS i n c . ,  1 9 8 3 ) ) .  R e g re s s io n  
l i n e s  were  f i t t e d  t o  t h e  b i v a r i a t e  p l o t s  (of  pe rc e n ta g e  woody 
cover  (x)  a g a i n s t  t h e  L a n d s a t  v a r i a b l e s  ( y ) )  u s in g  t h e  
c a l c u l a t e d  v a l u e s  f o r  t h e  y a x i s  i n t e r c e p t  ( c )  and t h e  s lope  
(m) in  t h e  e q u a t i o n ;
y « mx + c
The r e g r e s s i o n  p ro v id ed  a m a them a t ica l  model of t h e  
r e l a t i o n s h i p  between t h e  cover d a t a  (x) and t h e  s p e c t r a l  
r e s p o n s e  v a r i a b l e s  ( y ) , which could  be used a s  a p r e d i c t i v e  
t o o l .  The r e g r e s s i o n  s t a t i s t i c s  were  used t o  c a l c u l a t e  
( p r e d i c t )  t h e  L an d s a t  d a t a  v a l u e s  co r r e s p o n d in g  t o  s p e c i f i c
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v a l u e s  of th e  independen t  v a r i a b l e ,  woody cover  ( see  f i g .
5 . 9 ) .  Th is  p rov ided  t h e  b a s i s  f o r  a c l a s s i f i c a t i o n  of th e  
L a n d s a t  imagery i n t o  c l a s s e s  of v a r y in g  p e rc e n ta g e  woody cover  
( s e e  be low ) .  The r e s u l t s  of t h e  p r e d i c t i o n s  were "rounded"  t o  
t h e  n e a r e s t  whole number to  conform w i th  a c t u a l  L andsa t  d a t a  
v a l u e s .
The r e g r e s s i o n s  were a l s o  used t o  p r e d i c t  s p e c t r a l  
r e s p o n s e  cu rves  f o r  v a r i o u s  v a l u e s  of woody c o v e r .  The 
s p e c t r a l  r e sponse  v a l u e s  of  f i v e  of t h e  o r i g i n a l  49 samples 
were p r e d i c t e d  and compared w i t h  t h e i r  a c t u a l  re sponse  v a l u e s  
i n  each  L a n d s a t  MSS band.  The samples used were  chosen  t o  
r e p r e s e n t  i n t e r v a l s  of  ap p ro x im a te ly  twenty p e r c e n t  i n  te rms 
of  woody cover  v a l u e s ,  from v ery  low v a l u e s  (6%) t o  ve ry  h igh  
v a l u e s  (86%) . F ig u re  5 .1 0  shows t h e  n a t u r e  of th e  s p e c t r a l  
r e sponse  c u rv e s  f o r  both  t h e  a c t u a l  and t h e  p r e d i c t e d  MSS 
v a l u e s .
The two s e t s  of  cu rv es  a r e  b road ly  s i m i l a r ,  bo th  showing 
a d i s t i n c t  change i n  t h e  n a t u r e  of t h e  cu rves  between low and 
h ig h  v a l u e s  of woody c o v e r .  A l l  t h e  MSS band v a l u e s  i n c r e a s e  
w i th  d e c r e a s i n g  cover  v a l u e s  (a s  ex p e c te d  from t h e  r e s u l t s  of 
t h e  c o r r e l a t i o n  a n a l y s i s ) .  The range  of t h e  MSS v a l u e s  i n  
each band,  between t h e  h i g h e s t  and low es t  cover  v a l u e s ,  i s  
v e ry  s i m i l a r  f o r  t h e  p r e d i c t e d  and a c t u a l  v a l u e s .  This  range  
i s  g r e a t e s t  f o r  MSS band 5 (w i th  a range  of b r i g h t n e s s  v a l u e s  
of  62 and 61 fo r  t h e  a c t u a l  and p r e d i c t e d  cu rv es  
r e s p e c t i v e l y ) .  The r e s p o n s e  cu rves  f o r  t h e  h igh  v e g e t a t i o n  
cover  v a l u e s  conform to  " t y p i c a l "  re s p o n s e  cu rves  f o r  
v e g e t a t i o n  w i t h i n  t h e  s p e c t r a l  range of t h e  L a n d s a t  s e n s o r s
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Fig.  5 . 1 0  S p e c t r a l  r e s p o n s e  c u r v e s  f or  v a r i o u s  
v a l u e s  of  p e r c e n t a g e  w o o d y  c o v e r .
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( f i g .  2 . 1 ) .  The cu rves  show th e  t y p i c a l  g reen  r e f l e c t a n c e  
peak i n  MSS band 4 ,  c h l o r o p h y l l  a b s o r p t i o n  l e a d i n g  t o  low MSS 
band 5 r e f l e c t a n c e  l e v e l s ,  and t h e  l a r g e  peak i n  r e f l e c t a n c e  
v a l u e s  i n  t h e  two, n ea r  i n f r a r e d  bands.
The cu rv es  f o r  a r e a s  of  very  low woody cover do no t  have 
t h i s  t y p i c a l  form, but  show i n c r e a s i n g  r e f l e c t a n c e  v a l u e s  from 
MSS band 4 to  a peak i n  MSS band 6,  w i th  a s l i g h t  d e c r e a s e  i n  
MSS band 7 v a l u e s .  I n c r e a s i n g  r e f l e c t a n c e  l e v e l s ,  from th e  
s h o r t e r  t o  l o n g e r  w a v e le n g h t s ,  i s  t y p i c a l  of t h e  r e sp o n se  
cu rves  of s o i l s .  S o i l  cu rves  t e n d  t o  be s i m i l a r  i n  shape even 
w i th  l a r g e  v a r i a t i o n  i n  s o i l  t y p e s ,  v a r y in g  m a in ly  i n  t h e  
am p l i tu d e  of t h e  cu rve  ( H o f fe r ,  1978 ) ,  ( am p l i t u d e  i s  a f f e c t e d  
by f a c t o r s  such a s ,  t e x t u r e ,  c o l o u r ,  m o i s t u r e  and o r g a n i c  
c o n t e n t ) .  The d e c re a s e  i n  MSS band 7 v a l u e s  i s  n o t  ' t y p i c a l ' ,  
but  i s  f a i r l y  smal l  and t h e  cu rves  may re a s o n a b l y  be d e s c r i b e d  
a s  conforming t o  t h e  r e f l e c t a n c e  c h a r a c t e r i s t i c s  of s o i l .  A 
d e c re a s e  i n  MSS band 7 v a l u e s  r e l a t i v e  to  MSS band 6 v a l u e s  
may a l s o  be seen  i n  a b i v a r i a t e  s c a t t e r p l o t  p u b l i s h e d  by 
G r i f f i t h s  and C o l l i n s  (1983) fo r  s i t e s  w i t h  v e ry  low 
v e g e t a t i o n  cover  and h igh  amounts of  exposed  s o i l  s u r f a c e .
The shape and a m pl i tude  of t h e  c u rv es  f o r  t h e  a r e a s  of  low 
woody cover  a r e  c o n s i s t e n t  w i t h  t h e  p ro b a b le  r e f l e c t a n c e  
r e s p o n s e s  of  t h e  d ry ,  sandy,  p a l e  c o lo u re d  s o i l s  en c o u n te re d  
w i t h i n  t h e  K a la h a r i  Sandveld t e r r a i n  ty p e .
The form of t h e  s p e c t r a l  r e s p o n s e  cu rves  (bo th  a c t u a l  and 
p r e d i c t e d ) ,  tends  t o  conf i rm  t h e  view t h a t  t h e  r e l a t i o n s h i p  
between woody cover  and t h e  L an d sa t  v a r i a b l e s  i s  based  on 
changes  i n  t h e  a r e a l  e x t e n t  of two main ground s u r f a c e
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components,  woody cover  v e r s u s  exposed s o i l  s u r f a c e ,
5 .1 0 .2  C l a s s i f i c a t i o n  p ro c e d u re .
The r e s u l t s  of  t h e  r e g r e s s i o n  a n a l y s i s  ( d e s c r i b e d  above) 
were used  t o  c a l c u l a t e  t h e  p r e d i c t e d  MSS band v a l u e s  (y) 
f o r  a number of c l a s s e s  of  t h e  independen t  v a r i a b l e  ( x ) ,  
p e r c e n ta g e  woody co v e r .  Tab le 5 .1 0  shows t h e  c l a s s  r a n g e s  f o r  
two of t h e  L an d sa t  MSS bands and f o r  th e  f i r s t  P r i n c i p a l  
Component v a l u e s  c a l c u l a t e d  from t h e  d a t a  f o r  a l l  four  ISS 
bands ( s e c t i o n  3 . 4 . 2 ) .
The r a n g e s  c a l c u l a t e d  f o r  g iv e n  c l a s s e s  of woody cover  
were  th e n  used  t o  c l a s s i f y  a L a n d s a t  sub-scene  c o n t a i n i n g  
a r e a s  of  th e  K a la h a r i  Sandveld  t e r r a i n .  The sub-scene  was 
d i s p l a y e d ,  on t h e  co lou r  m on i to r  of t h e  DIAD image p r o c e s s i n g  
sys tem ,  as a s i n g l e  band g r e y - s c a l e  image.  C l a s s i f i c a t i o n  was 
a c h i e v e d  by ' d e n s i t y  s l i c i n g '  ( s e e  s e c t i o n  3 . 4 . 2 )  t h e  
g r e y - s c a l e  d a t a  i n t o  c l a s s e s .  The upper and lower l i m i t s  of 
each of t h e  c a l c u l a t e d  r a n g e s  were  e n t e r e d ,  a l l  p i x e l s  
found w i t h i n  a g iv e n  range  were  t h e n  d i s p l a y e d  i n  a uniform 
c o lo u r  on t h e  m o n i to r  s c r e e n .  D ens i ty  s l i c i n g  p ro v id e d  an  
e f f e c t i v e  means of g roup ing  t h e  l a r g e  number of d a t a  p o i n t s  
( p i x e l s ) ,  t h a t  make up a subscene ,  i n t o  c l a s s e s .
F ig u re  5.11 shows a sub -scene  which has  been c l a s s i f i e d  
by d e n s i t y  s l i c i n g  a g r e y - s c a l e  image of MSS band 5. The 
s u b - sc en e  shows t h e  j u n c t i o n  of t h e  B o t e t i  and Thamalakane 
r i v e r s ,  and i n c l u d e s  t h e  a r e a  i n  which many of th e  49 sample 
s i t e s  a r e  l o c a t e d .  The boundary of t h e  K a l a h a r i  Sandveld 
t e r r a i n  type  r e p r e s e n t s  t h e  l i m i t  t o  which c l a s s i f i c a t i o n  can
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be c o n f i d e n t l y  e x t r a p o l a t e d ,  t h i s  i s  i n d i c a t e d  on t h e  
c l a s s i f i e d  image.  Areas  beyond t h i s  t e r r a i n  type r e p r e s e n t  
d i f f e r e n t  env i ronm en ta l  c o n d i t i o n s  where th e  c l a s s i f i c a t i o n  
may no t  be a p p l i c a b l e .  A number of th e  o r i g i n a l  sample s i t e s  
were  l o c a t e d  i n  a r e a s  of  r i v e r i n e  f r i n g e  woodland which i s  
r e g a r d e d  a s  p a r t  of t h e  R iv e r in e  Zone t e r r a i n  type ( s e c t i o n  
4 . 8 . 2 ( b ) ) ,  but which s h a r e s  s i m i l a r  s o i l s  c o n d i t i o n s  w i t h  th e  
K a l a h a r i  Sandveld be ing  above  th e  g en e ra l  l e v e l  of s ea sona l  
f l o o d i n g .  The s i g n i f i c a n c e  of t h e  r e s u l t s  of t h e  c o r r e l a t i o n  
a n a l y s i s  s u g g e s t s  t h a t  t h i s  component of t h e  R iv e r in e  Zone 
p ro b ab ly  a c t s  v e ry  s i m i l a r l y  to  t h e  K a la h a r i  Sandveld a r e a  i n  
t e rm s  of r e f l e c t a n c e  r e s p o n s e s  and t h e  r e l a t i o n s h i p  w i t h  woody 
c o v e r .  The f r i n g e  woodland c o n t a i n s  a m i x t u r e  of woody 
s p e c i e s ,  some of which a r e  found  i n  t h e  n e ig h b o u r in g  sandve ld  
and some which a r e  n o t .
I t  i s  p o s s i b l e  t h a t  t h e  c l a s s i f i c a t i o n  i s  a l s o  a p p l i c a b l e  
t o  t h e  Mo pa ne Sandveld  t e r r a i n  t y p e .  The Mo pa ne Sandveld  
s i t e s  had s o i l  s u r f a c e  c o n d i t i o n s  s i m i l a r  to  th o s e  of th e  
K a l a h a r i  Sandveld ( s e e  c h a p t e r  V I ) .  The s u r f a c e  s o i l s  of bo th  
a r e a s  w ere  f i n e  g r a in e d  s a n d s ,  u s u a l l y  very  p a l e  i n  c o l o u r .
The a r e a s  of  molapo and open w a t e r  which occur  i n  t h e  
c l a s s i f i e d  subscene  a r e  t o t a l l y  m i s c l a s s i f i e d  a s  a r e a s  of h igh  
p e rc e n ta g e  woody c o v e r .  These a r e a s  cou ld  be masked o f f  in  
any f i n a l  c l a s s i f i c a t i o n .  The m i s c l a s s i f i c a t i o n  of th e s e  
a r e a s  a s  h igh  cover v a l u e s ,  i s  t h e  r e s u l t  of high a b s o r p t i o n  
of  v i s i b l e  r e d  l i g h t  by both  w a te r  and t h e  r e l a t i v e l y  h e a l th y  
g r e e n  g r a s s e s  which a r e  a b l e  t o  s u r v iv e  i n  t h e  f l o o d p l a i n s .
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The woody cover  and MSS v a l u e s  of th e  49 samples were  
used t o  p rov ide  an i n i t i a l  a s sessm en t  of th e  accuracy  of th e  
c l a s s i f i c a t i o n s  a t t e m p t e d .  The number of s i t e s  which were 
c o r r e c t l y  c l a s s i f i e d  w i t h i n  t h e  p r e d i c t e d  r a n g e s  were  d iv i d e d  
by th e  t o t a l  nunber of s i t e s  ( t a b l e  5 . 1 1 ) .
To f u r t h e r  t e s t  t h e  accu racy  of t h i s  form of 
c l a s s i f i c a t i o n ,  twenty more sample s i t e s  were  l o c a t e d  on t h e  
MSS band 5 c l a s s i f i e d  image.  F ive groups  of four  p i x e l s  were  
l o c a t e d  i n  each of t h e  c l a s s e s  B t o  E (most r e p r e s e n t a t i v e  of 
t h e  K a l a h a r i  Sandveld)  and t h e n  l o c a t e d  on t h e  1:50 000 s c a l e  
a e r i a l  pho to g rap h s .  The p o in t  count  method was used t o  
e s t i m a t e  t h e  p e r c e n ta g e  woody cover of t h e  new samples .  The 
o v e r a l l  accu racy  was c a l c u l a t e d  f o r  t h i s  group of  samples,  
remained  c l o s e  to  t h a t  of t h e  o r i g i n a l  samples a t  80%, four  of 
t h e  twenty samples be ing  m i s c l a s s i f i e d .  Tab le 5 . 1 2  i n d i c a t e s  
t h e  s e p a r a t i o n  of  t h e  c l a s s i f i c a t i o n  f e a t u r e  space f o r  both  
s e t s  of samples combined (69 s a m p le s ) ,  showing e r r o r s  of  
om is s io n  and commission.  The o v e r a l l  accuracy  of th e  
c l a s s i f i c a t i o n  based  on t h e  combined f i g u r e s  i s  79.7%.
The m i s c l a s s i f i e d  p i x e l  groups ( a p p ro x im a te ly  20% of t h e  
samples)  were a l l  c l a s s i f i e d  i n t o  t h e  c l a s s  n e ig h b o u r in g  t h a t  
i n t o  which they should  have  been c l a s s i f i e d .  These e r r o r s  of 
c l a s s i f i c a t i o n  may have been caused  by a nunber of f a c t o r s ,  
i n c l u d i n g  s t a t i s t i c a l ,  in s t ru m e n t  and human f a c t o r s ,  as  w e l l  
as  e n v i ro n m e n ta l .
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Environmenta l  f a c t o r s  which may l e a d  t o  m i s c l a s s i f i c a t i o n  
a r e  s i m i l a r  to  th o s e  d e s c r i b e d  i n  t h e  s e c t i o n  on e s t i m a t i n g  
woody cover  from a e r i a l  pho tography .  Ground f e a t u r e s ,  o t h e r  
t h a n  t h e  two main components (woody cover  and exposed s o i l )  , 
w i l l  have an a f f e c t  on t h e  s p e c t r a l  r e sponse  of s i n g l e  or 
groups  of p i x e l s .  For example,  acc u m u la t io n  of o l i v e  grey 
c lay  i n  t h e  c e n t r a l  p a r t s  of r a i n  pans would t e n d  t o  cause a 
d e c re a s e  i n  t h e  r e f l e c t a n c e  v a l u e s  of  what migh t  o th e rw is e  
have been exposed sandy s o i l ,  and r e s u l t  i n  t h e  a r e a  be ing  
c l a s s i f i e d  a s  hav ing  h i g h e r  l e v e l s  of  woody cover  th a n  
a c t u a l l y  o c c u r .  The p resence  of a r a i n  pan would a f f e c t  t h e  
c l a s s i f i c a t i o n  s i m i l a r l y ,  which ever  MSS band was used ,  as  t h e  
d a rk  c o lo u r  of t h e  c l ay  would d e p re s s  t h e  r e s p o n s e  l e v e l s  
a c r o s s  t h e  whole range  of v a l u e s .
M i s c l a s s i f  i c a t i o n  may be i n f l u e n c e d  by s t a t i s t i c a l  
f a c t o r s .  The " rounding"  of f i g u r e s  a t  v a r i o u s  s t a g e s  i n  t h e  
a n a l y s i s  and c l a s s i f i c a t i o n  p ro ced u re  may in f l u e n c e  t h e  f i n a l  
c l a s s i f i c a t i o n .  The s t a t i s t i c a l  t e s t s  th e m se lv es  a r e  a l s o  
i m p o r t a n t ,  f o r  i n s t a n c e  t h e  r e g r e s s i o n  a n a l y s i s  i s  a " b e s t  
f i t "  p ro c e d u re ,  and a s  such th e  r e s u l t i n g  r e g r e s s i o n  l i n e  on 
which  t h e  c l a s s i f i c a t i o n  i s  based  i s  u n l i k e l y  t o  f i t  a l l  the  
p o s s i b l e  c a s e s  w i t h i n  a l a r g e  p o p u l a t i o n  of d a t a .  This  w i l l  
be e s p e c i a l l y  t r u e  where a complex n a t u r a l  envi ronment  i s  
b e in g  i n v e s t i g a t e d .
In s t ru m e n t  e r r o r s ,  such as  t h e  m i s c a l i b r a t i o n  of  one of 
t h e  s i x  s e n s o r s  used  t o  r e c o r d  each MSS band,  could  cause d a t a  
v a l u e s  t o  be o f f s e t  s u f f i c i e n t l y ,  r e l a t i v e  to  n e ig h b o u r in g  
l i n e s ,  t o  a f f e c t  t h e  c l a s s i f i c a t i o n .  In s t ru m en t  e r r o r s  a r e
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o f t e n  n o t i c e a b l e  on t h e  p r e - c l a s s i f i c a t i o n  im agery,  however, 
image c o r r e c t i o n  p r o c e d u re s  ( s e c t i o n  3 , 4 .1 )  a r e  p u re ly  
cosm et ic  and do no t  r e p r e s e n t  t h e  t r u e  r e f l e c t a n c e  r e s p o n s e  of 
t h e  c o r r e c t e d  p i x e l s .  Data problems o f t e n  becomes more 
n o t i c e a b l e  a f t e r  an image has  undergone p a r t i c u l a r  
enhancements ,  d e n s i t y  s l i c i n g  o f t e n  enhances  any "banding"  in  
t h e  d a t a .  No majo r d a t a  e r r o r s  were d e t e c t e d  a t  any s tag e  
du r in g  t h e  a n a l y s i s  of  t h e  May 1983 imagery,  however, small  
d i f f e r e n c e s  i n  i n s t r u m e n t  c a l i b r a t i o n  may a f f e c t  t h e  
c l a s s i f i c a t i o n  of p i x e l s  a t  th e  boundary between c l a s s e s .
Human e r r o r s  may occur a t  a number of p o i n t s  d u r in g  t h e  
sampl ing ,  a n a l y s i s  and c l a s s i f i c a t i o n  p r o c e d u r e s .  E r r o r s  may 
be min im ised  a s  much as p o s s i b l e  by r e c h e c k in g  r e s u l t s  a t  each 
s t a g e  of t h e  p r o c e s s  ( s e e  s e c t i o n s  d e a l i n g  w i t h  a e r i a l  
pho tograph  a n a l y s i s  ( s e c t i o n  5 . 8 ) ,  ground i n v e s t i g a t i o n  and 
sample s i t e  s e l e c t i o n  ( s e c t i o n s  5 .5  and 5 . 6 ) ) .
The c o r r e l a t i o n  and r e g r e s s i o n  a n a l y s e s  w ere  a l s o  r e - r u n  
w i t h  t h e  a d d i t i o n a l  twenty sample v a l u e s .  There was l i t t l e  
change i n  t h e  o v e r a l l  r e s u l t s .  In t h e  case of MSS band 5, 
which was used  f o r  th e  c l a s s i f i c a t i o n ,  t h e  r e s u l t  of t h e  
c o r r e l a t i o n  a n a l y s i s  was v e ry  l i t t l e  d i f f e r e n t  from t h e  
o r i g i n a l  (69 samples r  = - 0 . 9 4 2 2 4 ) .  The r e c a l c u l a t e d  
r e g r e s s i o n  s t a t i s t i c s  were  no t  s u f f i c i e n t l y  d i f f e r e n t  t o  a l t e r  
t h e  p r e d i c t e d  v a l u e s  used i n  t h e  c l a s s i f i c a t i o n .
Given t h e  n a t u r e  of t h e  t e r r a i n  under  i n v e s t i g a t i o n ,  
c l a s s i f i c a t i o n  acc u racy  of about  80% can  be r e g a r d e d  a s  
u s e f u l .  The method p ro v id e d  a r e l a t i v e l y  f a s t  method of
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mapping woody cover over l a r g e  a r e a s ,  which were o f t e n  poor ly  
a c c e s s i b l e  on th e  ground.  Complementary d a t a  s o u rc e s  a r e  
e s s e n t i a l  fo r  e s t a b l i s h i n g  t h e  r e l a t i o n s h i p s  between t h e  
r em o te ly  sensed  d a ta  and t h e  a c t u a l  ground f e a t u r e s ,  however, 
th e s e  o t h e r  d a t a  s o u rc e s  would no t  have been s u f f i c i e n t  i n  
th e m s e lv e s .  A c l a s s i f i c a t i o n  based  p u r e l y  on ground a n d / o r  
a e r i a l  p h o to g ra p h ic  d a t a  would be ex t rem ely  t ime consuming and 
d i f f i c u l t  t o  implement over  l a r g e  a r e a s .  Higher r e s o l u t i o n  
m u l t i s p e c t r a l  d a t a ,  f o r  example from an a i r b o r n e  scanner  
system,  would n o t  n e c e s s a r i l y  p rov ide  g r e a t e r  a c c u ra c y ,  th e  
type  of problems o u t l i n e d  above would s t i l l  p e r t a i n  and such a 
su rvey  would p ro b ab ly  be econom ica l ly  i n f e a s i b l e  f o r  l a r g e  
a r e a s  of  e x t e n s i v e  r a n g e l a n d  i n  A f r i c a .
5 .1 0 .3  C l a s s i f i c a t i o n  of t h e  T s e t sek u  ground survey  a r e a .
The woody cover  c l a s s i f i c a t i o n  (based  on MSS band 5 d a t a )  
was a p p l i e d  t o  imagery of t h e  T s e t sek u  a r e a ,  t o  a l low  d e t a i l e d  
ex a m in a t io n  of  t h e  u s e s  of  t h e  method a s  a  r a n g e l a n d  
management t o o l .  To f a c i l i t a t e  e x am in a t io n ,  t h e  image d a t a  
was g e o m e t r i c a l l y  c o r r e c t e d .  The c o r r e c t i o n  was based  on t h e  
1 :50 000 s c a l e  to p o g ra p h ic  map s e r i e s .  The c o r r e c t i o n  
p ro c e d u re  a v a i l a b l e  on t h e  DIAD image p r o c e s s i n g  system was 
used .
Geomet ric  c o r r e c t i o n  of t h e  image d a t a  has  a number of 
i m p l i c a t i o n s  f o r  t h e  subsequen t  c l a s s i f i c a t i o n  and ex a m in a t io n  
of  t h e  d a t a .  The im p o r ta n t  p o i n t s  of  t h e  p ro ced u re  a r e  
t h e r e f o r e  b r i e f l y  o u t l i n e d  below, a d e t a i l e d  d e s c r i p t i o n  of 
t h e  p ro c e d u re  i s  g iv e n  i n  t h e  DIAD u s e r s  manual (N ige l  P r e s s
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A s s o c i a t e s ,  1983).
The image to  map r e g i s t r a t i o n  p rocedu re  in v o lv ed  two main 
s t a g e s .  F i r s t l y ,  t h e  i n t e r a c t i v e  s e l e c t i o n  of " c o n t r o l  p o in t "  
d a t a  and s p e c i f i c a t i o n  of t h e  " r e s am p l in g  pa ra m e te r s "  t o  be 
used .  Secondly,  r e s a m p l in g  of t h e  image d a t a  and t h e  
c o n v e r s io n  of  t h e  "raw image" t o  t h e  d e s i r e d  geometry ( i n  t h i s  
case  t h e  " r e f e r e n c e  geometry" of t h e  1 :50 000 s c a l e  
t o p o g r a p h i c  m aps) .
The c o r r e c t i o n  was based  on a number of s e l e c t e d  " c o n t r o l  
p o i n t s " ,  f e a t u r e s  which could  be a c c u r a t e l y  l o c a t e d  on both  
t h e  raw image and t h e  chosen " r e f e r e n c e  geometry" ( t h e  
t o p o g r a p h i c  map) .  As t h e  to p o g r a p h i c  maps were based  d i r e c t l y  
on a e r i a l  pho tograph  mosaics  ( p h o to -m ap s ) ,  a e r i a l  p h o to g ra p h ic  
m a t e r i a l  was used  a s  an  a i d  t o  c o n t r o l  p o i n t  s e l e c t i o n .
C on tro l  p o i n t s  were l o c a t e d  and t h e i r  p o s i t i o n s  typed  i n t o  t h e  
DIAD sys tem.  Image p o s i t i o n s  were  g iven  a s  l i n e  and column 
numbers,  and t h e  r e f e r e n c e  geometry p o s i t i o n s  a s  c o o r d i n a t e s  
based on a r e c t a n g u l a r  g r i d  of 0 .5 cm s q u a re s  which was 
o v e r l a i d  on t h e  map. F e a t u r e s  r e g a r d e d  a s  r em a in ing  f a i r l y  
s t a b l e  th rough  t ime were used  a s  c o n t r o l  p o i n t s  ( t h e  map 
s e r i e s  was based  on an  a e r i a l  survey  conducted  i n  196 9 ) .  The 
1 :50 000 a e r i a l  pho tog raphs  a c q u i r e d  i n  1983 were used t o  
c onf i rm  t h e  s t a b i l i t y  of f e a t u r es l o c a t e d  on t h e  map. Contro l  
p o i n t s  chosen  i n c lu d e d  f e a t u r e s  such as  road  and t r a c k  
j u n c t i o n s ,  fence  l i n e s  and c e r t a i n  n a t u r a l  f e a t u r e s  which 
a ppea red  t o  have remained  s t a t i c  ( r i v e r  bends ,  i s l a n d  edges  i n  
t h e  molapo a r e a s ) .  The accu racy  of each c o n t r o l  p o i n t  was 
de te rm ind  by t h e  c o r r e c t i o n  program i t s e l f  ( t h e  l e a s t  s q u a re s
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e r r o r  i s  c a l c u l a t e d )  by r e f e r e n c e  to  a l l  th e  p r e v i o u s l y  
s e l e c t e d  p o i n t s .  This  a l low ed  c o n t r o l  p o i n t s  t o  be r e j e c t e d  
i f  they  appea red  g r o s s l y  e r roneous  ( i n c l u d i n g  check ing  of 
p o i n t s  chosen  e a r l y  in  t h e  p r o c e d u r e ) .
The a r e a  of i n t e r e s t  on t h e  T s e t sek u  sub - sc ene  was 
r e l a t i v e l y  s m a l l .  F i f t e e n  c o n t r o l  p o i n t s  were  s e l e c t e d  a s  t h e  
b a s i s  f o r  t h e  c o r r e c t i o n ,  a minimum of 20 c o n t r o l  p o i n t s  i s  
s u g g e s te d  f o r  th e  c o r r e c t i o n  of  a whole L a n d s a t  image.  The 
two s e t s  of  v a l u e s  a r e  t h e n  s u b m i t te d  t o  a l e a s t  s q u a re s  
r e g r e s s i o n  a n a l y s i s  t o  de te rm ine  t h e  c o e f f i c i e n t s  f o r  th e  
t r a n s f o r m a t i o n  e q u a t i o n s  t h a t  i n t e r r e l a t e  th e  r e f e r e n c e  
geometry and t h e  raw image.  The t r a n s f o r m a t i o n s  a r e  th e n  
a p p l i e d  t o  t h e  raw image by a p r o c e s s  know as " r e s a m p l i n g " .  A 
m a t r i x  i s  d e f in e d  i n  te rms of th e  r e f e r e n c e  geometry ( o u tp u t  
m a t r i x ) .  The computer de t e rm in e s  t h e  c o o r d i n a t e s  of t h e  raw 
image t h a t  c o r re s p o n d  t o  each c e l l  of t h e  o u tp u t  m a t r i x ,  t h e  
a p p r o p r i a t e  p i x e l  v a l u e s  a r e  t h e n  t r a n s f e r r e d  t o  t h e  ou tpu t  
m a t r i x .  The c e l l s  of  t h e  ou tp u t  m a t r i x  do n o t  p r e c i s e l y  match 
i n d i v i d u a l  image p i x e l s .  A number of s o l u t i o n s  a r e  a v a i l a b l e  
t o  so lv e  t h i s  problem, f o r  example,  s imply a l l o c a t i n g  t h e  
v a l u e s  of  t h e  p i x e l  c l o s e s t  t o  t h e  m a t r i x  c e l l  ( n e a r e s t  
ne ighbour  r e s a m p l i n g ) .  In  t h e  case  of t h e  T s e t sek u  image,  a 
more s o p h i s t i c a t e d  re s a m p l in g  p ro c e d u re  was used ,  " b i l i n e a r  
i n t e r p o l a t i o n " .  Th is  method u s e s  a p ro x im i ty -w e ig h t e d  ave rage  
of t h e  fo u r  p i x e l s  n e a r e s t  t o  t h e  ou tp u t  c e l l s .  Th is  method 
does i n  e f f e c t  c r e a t e  new p i x e l  v a l u e s  r a t h e r  t h a n  simply 
t r a n s f e r r i n g  v a l u e s  from a s i n g l e  p i x e l  t o  a s i n g l e  o u tp u t  
c e l l .  The method g e n e r a t e d  an  image of smoother appearance
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th a n  t h e  o r i g i n a l  raw image, t h i s  has  been no ted  a s  
c h a r a c t e r i s t i c  of t h i s  type  of re sam p l in g  ( L i l l e s a n d  and 
K i e f f e r ,  197 9 ) .  In t h e  p r e s e n t  ca s e ,  t h e  c e l l  d im ens ions  of 
t h e  o u tp u t  m a t r i x  were d e f in e d  a s  50 m x 50 m, s l i g h t l y  
s m a l l e r  th a n  t h e  o r i g i n a l  raw image p i x e l  s i z e .
Changes i n  t h e  p i x e l  d im ens ion  and r e f l e c t a n c e  v a l u e s  
d u r in g  r e s a m p l in g  w i l l  a f f e c t  a n a l y s i s  of t h e  im agery .  In t h e  
p r e s e n t  s tudy i t  was p o s s i b l e  t o  m a i n t a i n  t h e  sample 
d im ens ions  used  t o  measure  woody cover from a e r i a l  
pho tography ,  as  t h e  p i x e l  s i z e  was reduced  s l i g h t l y .  The 
changes i n  p i x e l  v a l u e s  caused  by r e s am p l in g  may, however, 
have caused  some im p o r ta n t  changes  i n  t h e  imagery used f o r  
c l a s s i f i c a t i o n  ( t h e s e  a r e  d i s c u s s e d  i n  t h e  c o n te x t  of t h e  
r e s u l t s  of  t h e  a n a l y s e s  d e s c r i b e d  be low ) .
The " c o r r e c t e d "  image ( f i g .  5 .1 2 )  was s t i l l  s l i g h t l y  
d i s t o r t e d  (most n o t i c e a b l y  when lo o k in g  a t  t h e  a n g l e  of 
i n t e r s e c t i o n  of f e n c e l i n e s  a t  T s e t s e k u ) ,  however, th e  
c o m p a r a b i l i t y  of  t h e  image w i t h  t h e  to p o g ra p h ic  map and t h e  
a e r i a l  pho tog raphs  was improved.  The l o c a t i o n  of s u b t l e  
ground f e a t u r e s  was g e n e r a l l y  made e a s i e r ,  a l th o u g h  the  
smoothing e f f e c t  of t h e  r e s a m p l in g  p r o c e d u r e  d id  r e s u l t  i n  t h e  
b o u n d a r ie s  between c e r t a i n  image f e a t u r e s  becoming l e s s  c l e a r .
The c l a s s i f i c a t i o n  deve loped  f o r  woody cover  was t h e n  
used  t o  c l a s s i f y  t h e  g e o m e t r i c a l l y  c o r r e c t e d  image.  The c l a s s  
i n t e r v a l  s i z e s  were  d e c re a s e d  t o  g iv e  s i x  c l a s s e s  r e p r e s e n t i n g  
t e n  p e r c e n t  in c re m e n t s  i n  woody cover  (0-9%, 10-19%, 20-29%, 
30-3 9%, 40-49%, 50-59%).  A "dump" c l a s s  f o r  a l l  a r e a s
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c l a s s i f i e d  a s  60% or  more woody cover  was a l s o  in c l u d e d .  The 
s i x  d e c i l e  c l a s s e s  c o n t a i n  t h e  range  of cover v a l u e s  which a r e  
found i n  t h e  K a la h a r i  Sandveld t e r r a i n " s  low t r e e  and shrub  
savanna ( s e c t i o n  5 . 7 . 3 ) .
The MSS band 5 v a l u e s  co r r e s p o n d in g  t o  t h e  new c l a s s  
i n t e r v a l s  were  c a l c u l a t e d  from th e  r e g r e s s i o n  s t a t i s t i c s .  
Because of t h e  need t o  round t h e  c a l c u l a t e d  v a l u e s  t o  whole 
numbers t o  co r re sp o n d  t o  t h e  g r e y - s e a  l e  v a l u e s  of th e  image 
d a t a ,  t h e  range  of v a l u e s  per  c l a s s  a l t e r n a t e d  between seven 
and e i g h t .  The a f f e c t  of t h i s  on c l a s s i f i c a t i o n  accu racy  i s  
d i s c u s s e d  below.
F ig u re  5 .13  shows t h e  c l a s s i f i e d  image of t h e  T se t seku  
a r e a .  The p o s i t i o n  of t h e  ranch  f e n c e l i n e s  and t h e  main 
r o u te -w a y s  a r e  v i s i b l e  where th e se  have  had an  e f f e c t  on t h e  
d i s t r i b u t i o n  of  v e g e t a t i o n  cover  ( f o r  example,  t h e  b o u n d a r ie s  
between a r e a s  of c o n t r o l l e d  and common g r a z i n g ) .  An 
i n d i c a t i o n  of t h e  e a s t - w e s t  o r i e n t a t i o n  of  ground f  e a t u r  es 
( r e l a t e d  t o  t h e  r i d g e  and d e p r e s s i o n  topography)  i s  v i s i b l e  i n  
t h e  p a t t e r n  of  woody co v e r .  The p a t t e r n  of  t h e  woody cover 
c l a s s e s  a p p e a r s  t o  co r re s p o n d  t o  some degree  w i t h  th e  
d i s t r i b u t i o n  of t h e  main v e g e t a t i o n  ty p e s  a t  T s e t se k u  ( s e e  f i g  
5 . 3 ) .  Given t h e  s i g n i f i c a n t  d i f f e r e n c e s  found i n  t h e  l e v e l s  
of p e r c e n ta g e  woody cover  between t h e s e  v e g e t a t i o n  t y p e s ,  some 
s i m i l a r i t y  i n  t h e s e  p a t t e r n s  i s  e x p e c te d .  The l a r g e  zone of 
T e r m i n a l i a  s e r i c e a  dominated v e g e t a t i o n ,  which c r o s s e s  paddock 
4 of t h e  r a n c h ,  i s  c l e a r l y  v i s i b l e .  The d i s t r i b u t i o n  of a r e a s  
of  low p e r c e n ta g e  woody cover  a l s o  co r responds  w e l l  t o  t h e  
p a t t e r n  of  A cacia  dominated d e p r e s s i o n s .
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The accuracy  of t h e  c l a s s i f i c a t i o n  a t  t h e  d e c i l e  c l a s s
l e v e l  was t e s t e d .  A random sample of c l a s s i f i e d  p i x e l s  ( in
groups of f o u r )  was c o l l e c t e d ,  t h e i r  image c o o r d i n a t e s ,
c l a s s
band 5 v a l u e s  and t h e / i n t o  which they were c l a s s i f i e d  w ere
n o te d .  The sample s i t e s  were  l o c a t e d  on a e r i a l  pho tog raphs  
(1 :50  000 s c a l e )  and a measure of t h e i r  p e r c e n ta g e  woodj e r r e r  
made by p o i n t  count  ( t h e  same sample s i z e  was used  a s  b e f o r e  
( s e c t i o n  5 . 8 . 2 ) ) .  Of t h e  sample of 45 p i x e l  g ro u p s ,  e l e v e n  
were  m i s c l a s s i f i e d .  Table 5 .13  shows t h e  s e p a r a t i o n  c f  t h e  
samples  w i t h i n  t h e  c l a s s i f i c a t i o n  f e a t u r e  s pace .  The o v e r a l l  
accu racy  of t h e  c l a s s i f i c a t i o n ,  as  c a l c u l a t e d  from t h e  sample,  
was 75.6%.
A d e c re a s e  i n  t h e  acc u racy  of t h e  c l a s s i f i c a t i o n  was 
e x p e c t e d  f o r  th e  new c l a s s  i n t e r v a l s .  However, compared t o  
t h e  o v e r a l l  accu racy  of t h e  o r i g i n a l  c l a s s i f i c a t i o n ,  i t  
amounts t o  a d e c r e a se  i n  acc u racy  of l e s s  t h a n  5%. In  o r d e r  
t o  compare t h e  acc u racy  of c l a s s i f i c a t i o n  of t h e  o r i g i n a l  raw 
image d a t a  w i t h  t h a t  of t h e  g e o m e t r i c a l l y  c o r r e c t e d  d a t a ,  t h e  
s i x  d e c i l e  c l a s s e s  were  combined t o  form t h r e e  c l a s s e s  of  
twenty p e r c e n t  i n t e r v a l s  ( c o r r e s p o n d in g  t o  c l a s s e s  C, D, and E 
of t h e  o r i g i n a l  c l a s s i f i c a t i o n ) .  Th is  r e s u l t e d  i n  an  i n c r e a s e  
of 6.6% in  t h e  acc u racy  of c l a s s i f i c a t i o n  of  t h e  45 samples 
f o r  t h e  g e o m e t r i c a l l y  c o r r e c t e d  image,  t o  82.2% ( t a b l e  5 . 1 4 ) .
An i n c r e a s e  i n  t h e  o v e r a l l  accu racy  of t h e  c l a s s i f i c a t i o n  
of  s l i g h t l y  over  two p e r c e n t ,  between t h e  raw im ag e .d a ta  and 
t h e  g e o m e t r i c a l l y  c o r r e c t e d  d a t a  cannot  be r e g a r d e d  a s  
s i g n i f i c a n t .  I t  does  conf i rm  t h e  l e v e l  of accuracy  of th e  
method a t  about  t h e  80% l e v e l .  A sm al l  i n c r e a s e  i n
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c l a s s i f i c a t i o n  acc u racy  may p o s s i b l y  be a t t r i b u t e d  t o  an 
improvement i n  t h e  l o c a t i o n  of sample s i t e s  between t h e  
c o r r e c t e d  imagery and t h e  a e r i a l  ph o to g rap h s .  The smoothing 
e f f e c t  of t h e  r e s a m p l in g  p ro c e d u re  used t o  a c h i e v e  th e  
c o r r e c t i o n  does n o t  seem t o  have a f f e c t e d  c l a s s i f i c a t i o n  
a c c u r a c y .  However, when compared w i t h  t h e  same c l a s s i f i c a t i o n  
performed on t h e  raw image of th e  T s e t sek u  a r e a ,  i t  i s  
a p p a r e n t  t h a t  t h e  smoothing does  have  an  e f f e c t  on t h e  v i s u a l  
d i s p l a y  of t h e  c l a s s i f i c a t i o n ,  a r e a s  on t h e  image a p p e a r  more 
homogenous,  w i th  fewer  i n d i v i d u a l  p i x e l s  c l a s s i f i e d  
d i f f e r e n t l y  from a r e a s  dominated by a p a r t i c u l a r  c l a s s  of 
cover  v a l u e s .  The r e s a m p l in g  h a s  had t h e  e f f e c t  of smoothing 
ou t  unusua l  f l u c t u a t i o n s  i n  t h e  g e n e ra l  r e sponse  l e v e l s  of 
a r e a s  on t h e  imagery ,  th u s  l o c a l i s e d  p a t c h e s  of  h ig h e r  or  
lower cover c r e a t i n g  a "peak" or  " t rough"  in  t h e  g e n e ra l  d a t a  
w i l l  te n d  t o  be l o s t  i n  t h e  g e o m e t r i c a l l y  c o r r e c t e d  image.
The a v e r a g in g  e f f e c t  of t h e  b i l i n e a r  i n t e r p o l a t i o n  re s a m p l in g  
method t h e r e f o r e  p roduces  a s l i g h t l y  more g e n e r a l i s e d  v i w  of 
ground c o n d i t i o n s  w i th o u t  a f f e c t i n g  a c c u r a c y .  This  a f f e c t  may 
a c t u a l l y  be b e n e f i c i a l  in  te rm s  of  mapping i n  a r e a s  of 
e x t e n s i v e  r a n g e l a n d ,  t h e  o c cu r ren c e  of smal l  p a t c h e s  (a few 
p i x e l s  o r  l e s s  i n  s i z e )  of  anomalous cover  v a l u e s  w i t h i n  a 
g e n e r a l l y  more un i fo rm  a r e a  may n o t  be of i n t e r e s t  and be 
r e g a r d e d  a s  " n o i s e "  in  t h e  d a t a .
The a p p l i c a t i o n s  of  t h e  c l a s s i f i c a t i o n  i n  i t s  p r e s e n t  
form, f o r  r a n g e l a n d  management and l a n d u se  p la n n in g  p u rp o s e s ,  
would i n c lu d e  t h e  p la n n in g  of  bush c o n t r o l  programmes,  
m o n i to r in g  t h e  encroachment of woody v e g e t a t i o n ,  and t h e
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a l l o c a t i o n  of range r e s o u r c e s  on tHe b a s i s  of g r a z i n g  
p o t e n t i a l .  The r e s u l t s  sugges t  t h a t  s u c c e s s f u l  m o n i to r in g  
would be dependent  on t h e  a c q u i s i t i o n  of adequa te  s u p p o r t  d a t a  
t o  check  t h e  acc u racy  of th e  c l a s s i f i c a t i o n  a t  t h e  t ime of 
L an d sa t  d a t a  a c q u i s i t i o n .  The use of non-contemporary  d a ta  
s o u rc e s  i s  open t o  problems of c o m p a r a b i l i t y  which may be 
d i f f i c u l t  t o  overcome when t r y i n g  t o  make a q u a n t i t a t i v e  
a s s e s sm e n t  of change .  The need f o r  good s u p p o r t  d a t a  i s  a l s o  
e s s e n t i a l  t o  e x p o r t i n g  t h e  c l a s s i f i c a t i o n  t o  a d i f f e r e n t  
g e o g r a p h i c a l  l o c a t i o n .  S l i g h t  d i f f e r e n c e s  i n  env i ronm en ta l  
c o n d i t i o n s  may n o t  a f f e c t  t h e  b a s i c  r e l a t i o n s h i p  between woody 
cover  and t h e  MSS d a t a ,  but  t h e  p r e c i s e  form of t h e  
r e l a t i o n s h i p  i s  bound t o  change.
Comparison of t h e  c l a s s i f i e d  image of T s e t se k u  ( f i g .
5 .13 )  w i th  th e  v e g e t a t i o n  p a t t e r n s  s een  on t h e  a e r i a l  
pho tog raphs  and from ground survey  ( s e e  f i g . 5 . 3 ) ,  i n d i c a t e d  
t h a t  t h e  c l a s s i f i c a t i o n  cou ld  p o s s i b l y  p rov ide  a method of 
i d e n t i f y i n g  t h e  d i s t r i b u t i o n  of t h e  main v e g e t a t i o n  ty p e s  a t  
T s e t s e k u .  Th is  would p ro v id e  o t h e r  i n f o r m a t i o n  u s e f u l  to
I
range  management,  on g e n e ra l  s p e c i e s  co m p o s i t io n  and browse 
p o t e n t i a l .  The d e t a i l e d  ground survey  a t  T s e t s e k u  showed t h a t  
t h e  r e l a t i v e  v a l u e  of t h e  main v e g e t a t i o n  t y p e s ,  in  te rms  of  
browse v a l u e ,  v a r i e d  m arked ly .  The ave rage  number of woody 
p l a n t s  of  good browse v a l u e  v a r i e d  from 53.0% of  t h e  t o t a l  
( p e r  u n i t  a r e a )  i n  t h e  a r e a s  of  mixed s p e c i e s  savanna t o  on ly  
21.1% in  a r e a s  dominated by Terminal  i a  s e r i c e a  (a poor br(%fse 
s p e c i e s ) ,  ( s e e  t a b l e  5 . 7 ) .
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A n a ly s i s  of  t h e  woody cover  v a l u e s  of  t h e  main v e g e t a t i o n  
t y p e s  showed a t h a t  a s i g n i f i c a n t  d i f f e r e n c e  ( a t  t h e  99.9% 
l e v e l )  e x i s t e d  between them. An a t t e m p t  was made to  use the  
c h a r a c t e r i s t i c  cover  v a l u e s  of th e  v e g e t a t i o n  t y p e s  a s  a means 
of mapping t h e i r  g e n e ra l  d i s t r i b u t i o n .  The h ig h l y  s i g n i f i c a n t  
c o r r e l a t i o n  found t o  e x i s t  between t h e  fou r  L andsa t  MSS bands 
f o r  p i x e l s  w i t h i n  t h e  t a r g e t  a r e a  of t h e  K a l a h a r i  Sandveld,  
meant t h a t  a more s o p h i s t i c a t e d  c l a s s i f i c a t i o n  of th e  
v e g e t a t i o n  ty p e s  u s in g  mul t i s p e c t r a l  d a t a  would n o t  be 
a p p r o p r i a t e .  Three c l a s s e s  were  s e l e c t e d  based  on t h e  
c a l c u l a t e d  c h a r a c t e r i s t i c  cover  v a l u e s  f o r  th e  v e g e t a t i o n  of 
t h e  A cacia  dominated d e p r e s s i o n s ,  th e  mixed s p e c i e s  low t r e e  
and sh ru b  savanna ,  and t h e  T e r m in a l i a  s e r i c e a  dominated low 
t r e e  and sh rub  savanna .  The range  of cover  v a l u e s  which were 
t o  r e p r e s e n t  a p a r t i c u l a r  c l a s s  were  d e r iv e d  from th e  
c a l c u l a t e d  s t a n d a r d  d e v i a t i o n s  from t h e  mean cover  v a l u e  of 
each v e g e t a t i o n  t y p e .  The o v e r l a p  between t h e  sample 
p o p u l a t i o n s  was such t h a t  t h e  f i r s t  s t a n d a r d  d e v i a t i o n ,  above 
and below t h e  mean v a l u e  f o r  cover ,  p rov ided  t h e  optimum 
c u t - o f f  be tween t h e  c l a s s e s  i n  te rm s  of  t h e  c a l c u l a t e d  MSS 
band 5 v a l u e s  used ( t a b l e  5 .  5 ) .
Because L a n d s a t  MSS p i x e l  v a l u e s  a r e  whole numbers, l e v e l  
67 ,  which f a l l s  between two c l a s s e s ,  was n o t  i n c lu d e d  i n  a 
c l a s s .  On t h e  b a s i s  of u s in g  t h e  s t a n d a r d  d e v i a t i o n  t o  d e f i n e  
t h e  r a n g e s ,  ap p ro x im a te ly  68% of t h e  p i x e l s  i n  each of t h e  
r e s u l t a n t  c l a s s e s  cou ld  be ex p ec ted  t o  be c o r r e c t l y  
c l a s s i f i e d .
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The c l a s s i f i e d  image produced  by th e  above method d id  no t  
compare v e ry  w e l l  w i th  t h e  p a t t e r n  of v e g e t a t i o n  d i s t r i b u t i o n  
o b t a i n e d  from th e  a e r i a l  pho tography .  Although th e  cover  
v a l u e s  of  t h e  d i f f e r e n t  v e g e t a t i o n  ty p e s  may be s i g n i f i c a n t l y  
d i f f e r e n t  i n  s t a t i s t i c a l  te rm s ,  t h e  p o p u l a t i o n s  o v e r l a p  
s u f f i c i e n t l y  t o  ob s cu re  t h e  p a t t e r n  of t h e  v e g e t a t i o n  i n  te rms 
of  t h e  MSS d a t a .  The method does  p rov ide  a rough i n d i c a t i o n  
of  t h e  g e n e ra l  d i s t r i b u t i o n  of  t h e  main v e g e t a t i o n  t y p e s ,  but 
i t s  use a s  an i n d i c a t o r  of browse p o t e n t i a l  would be l i m i t e d  t o  
broad  s c a l e  r e c o n a i s s a n c e  survey  l e v e l .  V isua l  a n a l y s i s  of  
t h e  imagery of t h i s  a r e a  a t  d i f f e r e n t  t im es  of t h e  y e a r  (and 
i n  y e a r s  of  v a r i e d  c l i m a t i c  c o n d i t i o n s )  th rough  t h e  197 0"s ,  
i n d i c a t e s  t h a t  d i f f e r e n c e s  i n  s p e c t r a l  re sponse  between t h e  
v e g e t a t i o n  ty p e s  may no t  have  been a t  t h e i r  optimum in  May 
1983 ( s e c t i o n  4 . 8 . 2 ( f ) ) .  The c o n d i t i o n s  which  were i d e a l  fo r  
e s t a b l i s h i n g  a u s e f u l  r e l a t i o n s h i p  between L a n d s a t  MSS d a t a  
and woody co v e r ,  a r e  not  n e c e s s a r i l y  t h e  b e s t  f o r  o t h e r s .  
A n a ly s i s  of  t h e  imagery i n  d i c a t e s  t h a t  summer (wet  season)  
imagery may prov ide  t h e  b e s t  d i s c r i m i n a t i o n  between t h e  
v e g e t a t i o n  t y p e s ,  a l though  t h e  t h e  p re sence  of herbaceous  
l a y e r  v e g e t a t i o n  may c o m p l ica te  t h e  s i t u a t i o n .
5 .11  D i s c u s s i o n  of r e s u l t s .
5 .1 1 .1  I n t r o d u c t i o n .
The r e s u l t s  d e s c r i b e d  i n  t h i s  c h a p t e r  i n d i c a t e  t h e  use 
and p o t e n t i a l  use of t h e  L an d s a t  MSS d a t a  and computer  a id e d  
image a n a l y s i s  and c l a s s i f i c a t i o n  a s  a d a t a  source  and t o o l s  
f o r  p a r t i c u l a r  a s p e c t s  of  r a n g e l a n d  e v a l u a t i o n  and management.
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The study  a l s o  h i g h l i g h t e d  t h e  im por tance  of t h e  type and 
t i m in g  of  t h e  supplementa ry  d a ta  s o u rc e s  used ;  f i r s t l y ,  w i th  
r e g a r d  t o  e s t a b l i s h i n g  t h e  r e l a t i o n s h i p s  between t h e  rem o te ly  
sensed  d a ta  and ground c o n d i t i o n s ,  s econd ly ,  in  te rms of the  
acc u racy  of c l a s s i f i c a t i o n s  based  on ground and a e r i a l  survey 
d a t a .  The impor tance  of u n d e r s t a n d i n g  t h e  env i ronm en ta l  
f a c t o r s  s p e c i f i c  t o  a p a r t i c u l a r  t a r g e t  r e g i o n  o r  l andscape  
type  were d i s c u s s e d .
5 .1 1 .2  R e l a t i o n s h i p  between L an d s a t  MSS d a t a  and woody cover .
The r e l a t i v e  s u c c e s s  of  th e  method developed  t o  c l a s s i f y  
t h e  d i s t r i b u t i o n  of v a r y i n g  amounts of woody cover was 
dependen t  on e s t a b l i s h i n g  a u s e f u l  r e l a t i o n s h i p  between t h e  
s a t e l l i t e  d a t a  and t h e  c o r r e s p o n d in g  ground c o n d i t i o n s .  The 
s u c c e s s f u l  i d e n t i f i c a t i o n  of a u s e f u l  r e l a t i o n s h i p  a p p e a r s  t o  
have been promoted by a nunber of r e l a t e d  f a c t o r s .  The 
impor tance  of some of t h e s e  f a c t o r s  can be sugges ted  by 
compar ison  w i t h  t h e  r e s u l t s  of  o t h e r  s t u d i e s  t h a t  looked  a t  
woody cover  (Lane,  1982; G r i f f i t h s  and C o l l i n s ,  1983 ) .
a)  S e l e c t i o n  of t h e  t a r g e t  a r e a .  The p r e s e n t  s tudy 
r e s t r i c t e d  sam pl ing ,  and t h e  subsequen t  c l a s s i f i c a t i o n  based 
on  t h e  sampl ing ,  t o  a t a r g e t  a r e a  ( t e r r a i n  ty p e )  p r e v i o u s l y  
i d e n t i f i e d  a s  a u n i t  of t h e  la n d sca p e  d i s p l a y i n g  some i n t e r n a l  
c o n s i s t e n c y  ( c h a p t e r  IV ) .  Once t h e  c o n t r o l l i n g  r e l a t i o n s h i p s  
f o r  th e  d e s i r e d  c l a s s i f i c a t i o n  had been d e f in e d ,  t h e  p o s s i b l e  
a p p l i c a t i o n  of th e  c l a s s i f i c a t i o n  i n  o t h e r  t e r r a i n  t y p e s  cou ld  
be a s s e s s e d  ( s e e  c h a p t e r  V I ) .
243
b) Timing of  supplementa ry  d a ta  c o l l e c t i o n .  The p r e s e n t  
s tudy  was based  on a h i e r a r c h y  of d a t a ,  a c q u i r e d  w i t h i n  a 
l i m i t e d  t im e  p e r i o d  (1 ;50  000 a e r i a l  pho tographs  and L andsa t  
image.  May 1983 ; 1:10 000 a e r i a l  p ho tog raphs ,  June 1983 ;
ground survey  d a t a ,  Apr i l - June 1983) . T h e re fo re ,  u n l i k e  th e  
work of  G r i f f i t h s  and C o l l i n s  ( 1 9 8 3 ) ,  problems a s s o c i a t e d  w i th  
t h e  c o m p a r a b i l i t y  of d a ta  s o u rces  a c q u i r e d  a t  d i f f e r e n t  t im es  
was n o t  a problem ( s e c t i o n  5 .9 ) .  Both th e  c l a s s i f i c a t i o n  of 
woody cover  and t h e  a t t e m p t  t o  c l a s s i f y  t h e  main v e g e t a t i o n  
ty p e s  a t  T s e t s e k u ,  show th e  need t o  t ake  sea sona l  f a c t o r s  i n t o  
a c c o u n t .  The woody cover  c l a s s i f i c a t i o n  was s u c c e s s f u l  
because  i t  was based  on d a ta  a c q u i r e d  a t  t h e  p e r io d  of  minimal 
g r a s s  cover  i n  t h e  sandve ld  a r e a s .
c)  Supplementa ry  d a t a .  The h i e r a r c h y  of d a t a  used i n  t h e  
p r e s e n t  s tudy  improved t h e  acc u racy  of sample s i t e  l o c a t i o n  
and a l lo w e d  c r o s s  checking  of  sampl ing  p ro c e d u r e s ,  fo r  
example,  t h e  use of t h e  l i m i t e d  l a r g e  s c a l e  a e r i a l  pho tographs  
( 1 :1 0  000) t o  check t h e  accu racy  of t h e  measurements of woody 
cover  made from t h e  1:50 000 p h o to g ra p h s .  The a v a i l a b i l i t y  of 
d a t a  a t  s c a l e s  i n t e r m e d i a t e  t o  t h a t  of ground survey  and 
s a t e l l i t e  d a t a ,  p rov ided  a s u b s t i t u t e  t o  e s t a b l i s h i n g  v e ry  
l a rg e  ground su rvey  s i t e s  i n  an  a r e a  of poor a c c e s s  and 
d i f f i c u l t  t e r r a i n  c o n d i t i o n s  ( s e c t i o n  5 . 5 ) .
d) Data sampl ing .  In o r d e r  t o  e s t a b l i s h  th e  r e l a t i o n s h i p s  
be tween s a t e l l i t e  d a t a  v a r i a b l e s  and s p e c i f i c  ground 
f e a t u r e s / c o n d i t i o n s ,  an a d eq u a te  l e v e l  of su p p o r t  d a t a  (ground 
su rvey  a n d /o r  a e r i a l  p h o to g ra p h ic  d a t a )  must be a v a i l a b l e .
Lane (1982) a t t e m p t e d  t o  e s t a b l i s h  r e l a t i o n s h i p s  w i t h  only  a
244
smal l  number of samples f o r  a number of v a r i e d  a r e a s  of 
v e g e t a t i o n  and s o i l  c o n d i t i o n s  ( s e c t i o n  5 . 9 ) .  His r e s u l t s  
showed l i t t l e  c o r r e l a t i o n  between t h e  s a t e l l i t e  d a t a  and 
ground c o n d i t i o n s .  In c o n t r a s t ,  t h e  p r e s e n t  s tudy was based 
on a l a r g e r  sample s e t .  The adequacy of  t h e  s i z e  of th e  
sample was conf irmed  by t h e  r e s u l t s  o b t a i n e d  from subsequen t  
check sampl ing  of th e  c l a s s i f i c a t i o n s  ( t h e s e  gave very  s i m i l a r  
r e s u l t s  t o  t h o s e  of t h e  i n i t i a l  sample ( s e c t i o n  5 . 1 0 . 2 ) ) .
I t  must be no ted  t h a t  t e m p o ra l l y  con t iguous  d a t a  s e t s ,  a t  
a s e v e r a l  s c a l e s  of r e s o l u t i o n ,  a r e  o f t e n  u n a v a i l a b l e  i n  
d e v e lo p in g  c o u n t r i e s  such as Botswana.  T h e r e f o re ,  th e  
c o n c l u s i o n s  d i s c u s s e d  above a r e  no t  a c r i t i c i s m  of o t h e r  
s t u d i e s  on th e s e  p o i n t s .  However, i t  does p o i n t  t o  t h e  need 
t o  i n t e g r a t e  t h e  p la n n in g  of  d a t a  a c q u i s i t i o n ,  i f  s a t e l l i t e  
d a t a  i s  t o  p rov ide  a u s e f u l  t o o l  fo r  r e s o u r c e  e v a l u a t i o n  i n  
d e v e lo p in g  c o u n t r i e s .
5 .1 1 .3  Accuracy of c l a s s i f i c a t i o n .
The a p p a r e n t  s u cces s  of  t h e  method,  d e s c r i b e d  i n  t h i s  
c h a p t e r ,  of c l a s s i f y i n g  woody co v e r ,  was a l s o  seen  t o  depend 
on a nunber  of s p e c i f i c  f e a t u r e s  of t h e  L an d s a t  MSS system.
a)  The r e p e t i t i v e  coverage  of L a n d s a t  d a t a  (and t h e  f a c t  t h a t  
t h e  t a r g e t  a r e a  was w i t h i n  range  of a ground r e c e i v i n g  s t a t i o n  
d u r in g  t h e  p o s s i b l e  d a t e s  f o r  ground s u r v e y ) , meant t h a t  th e  
a c q u i s i t i o n  of good q u a l i t y  d a t a  a t  a s p e c i f i c  t im e  was h i g h l y  
l i k e l y  ( i n  t h e  even t  s e v e r a l  images were a v a i l a b l e  f o r  t h e  
p e r i o d  of  t h e  ground survey  in  198 3 ) .  I t  a l s o  p rov ided  t h e  
o p p o r t u n i t y  t o  t ime  t h e  ground su rvey  t o  c o in c id e  w i th  op t imal
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ground c o n d i t i o n s ,  w i thou t  be ing  r e s t r i c t e d  t o  a p a r t i c u l a r  
p e r io d  of  s a t e l l i t e  d a ta  a c q u i s i t i o n .  This  was im p o r ta n t  i n  
t h e  p r e s e n t  s tu d y ,  where s p e c i f i c  v e g e t a t i o n  c o n d i t i o n s  were  
e s s e n t i a l  to  t h e  s uccess  of  t h e  c l a s s i f i c a t i o n  method.
b) The r e s o l u t i o n  and t h e  a r e a l  coverage of L a n d s a t  imagery 
p ro v id ed  an a p p r o p r i a t e  s c a l e  of d a t a  t o  study  t h e  e x t e n s i v e  
range  a r e a s  of  t h e  Okavango D e l t a  m arg in .  However, th e  
r e s o l u t i o n  of  t h e  i n d i v i d u a l  p i x e l s  was f i n e  enough t o  e n ab le  
f e a t u r e s  such as f e n c e l i n e s  and t r a c k s  t o  be i d e n t i f i e d ,  which 
a i d e d  d a t a  sampling  and image c o r r e c t i o n  p r o c e d u r e s .
c) The a v a i l a b i l i t y  of d a t a  f o r  a number of s e p a r a t e  p a r t s  of 
t h e  e l e c t r o m a g n e t i c  spec trum ( m u l t i s p e c t r a l  d a t a  s e t ) ,  
i n c r e a s e d  t h e  p r o b a b i l i t y  of e s t a b l i s h i n g  c h a r a c t e r i s t i c  
s p e c t r a l  r e s p o n s e s  from a v a r i e t y  of ground f e a t u r e s  ( s e e  
c h a p t e r  I I ) .  In  t h e  case of t h e  p r e s e n t  s tu d y ,  a .  s i n g l e  
L a n d s a t  MSS band was used t o  g e n e r a t e  t h e  f i n a l  c l a s s i f i c a t i o n  
used  t o  map woody c o v e r .  However, t h i s  was t h e  r e s u l t  of 
p a r t i c u l a r  env i ronm en ta l  c i r c u m s ta n c e s .  The m u l t i s p e c t r a l  
d a t a  s e t  was e s s e n t i a l  i n  e s t a b l i s h i n g  t h e  form of th e  
r e l a t i o n s h i p  used  a s  t h e  b a s i s  f o r  c l a s s i f i c a t i o n .  I t  a l s o  
i n d i c a t e d  t h a t  th e  a s s um pt ion  t h a t  t h e  r e l a t i o n s h i p  was t h e  
r e s u l t  of changes i n  t h e  r e l a t i v e  amounts of woody v e g e t a t i o n  
and exposed  s o i l  was c o r r e c t .
I n  view of t h e  problems i n h e r e n t  i n  t h e  a n a l y s i s  and 
c l a s s i f i c a t i o n  of  n a t u r a l  t e r r a i n ,  t h e  use of L an d sa t  d a t a  
a p p e a r s  t o  o f f e r  a r e l a t i v e l y  a c c u r a t e  and economic method.
I t  n e g a t e s  t h e  need f o r  e x t e n s i v e  ground survey  in  d i f f i c u l t
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c o n d i t i o n s ,  a l th o u g h  some supplem enta ry  d a t a  i s  e s s e n t i a l .  
Because of t h e  impor tance  of woody v e g e t a t i o n  i n  t h e  ecology 
and management of semi a r i d  r a n g e l a n d  (and o t h e r  la nduse  
t y p e s ,  such as n a t i o n a l  parks  and r e s e r v e s  (Heady and Heady, 
1982))  th ro u g h o u t  A f r i c a ,  th e  t e ch n iq u e  d e s c r i b e d  i n  t h i s  
c h a p t e r  cou ld  p rov ide  u s e f u l  i n f o r m a t i o n  f o r  e f f e c t i v e ,  
s u s t a i n e d  e x p l o i t a t i o n  of range  r e s o u r c e s .  The method 
p r o v i d e s  a r e a l i s t i c  a l t e r n a t i v e  to  t h e  use of o t h e r  methods 
( f o r  example t h e  use of a e r i a l  pho tographs  t o  e v a l u a t e  bush 
encroachment  (Wil l i amson  and Keech,  1983)).
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VI. The Role  of Physiognomy in  t h e  R e f l e c t a n c e  C h a r a c t e r i s t i c s  
of Areas  of Woody v e g e t a t i o n .
6.1 I n t r o d u c t i o n .
I t  was shown i n  Chapter  V, t h a t  i t  i s  p o s s i b l e  t o  use 
L an d sa t  imagery as a means of  a s s e s s i n g  t h e  d i s t r i b u t i o n  of 
woody cover  w i t h i n  t h e  K a la h a r i  Sandveld t e r r a i n  t y p e .  The 
r e s u l t s  (1983 Landsa t  d a t a )  have a l s o  s u g g es ted  t h a t  
d i f f e r e n c e s  i n  s p e c i e s  c o m pos i t ion  d id  n o t  cause any 
s i g n i f i c a n t  v a r i a t i o n  i n  t h e  r e f l e c t a n c e  c h a r a c t e r i s t i c s  of 
t h e  v e g e t a t i o n  i n  t h a t  e n v i ro n n e n t  (and d a t e  of imagery) .
There  was a l s o  some i n d i c a t i o n  t h a t  t h i s  may have a p p l i e d  t o  
d i f f e r e n c e s  i n  t h e  growth form of t h e  v e g e t a t i o n  ( t r e e s  or  
shrubs  ) .
Because a l l  th e  v e g e t a t i o n  t y p e s  p r e s e n t  w i t h i n  t h e  
K a l a h a r i  Sandveld  s tudy  a r e a  c o n s i s t e d  of  low t r e e  and shrub  
savanna ,  w i th  bo th  e l em en t s  p r e s e n t  i n  v a r y i n g  amounts,  i t  was 
n o t  p o s s i b l e  t o  f u l l y  a s s e s s  t h e  s i g n i f i c a n c e  of any 
physiognomic  d i f f e r e n c e s .  This  d id  n o t  app ly  t o  t h e  Mo pa ne 
Sandveld  a r e a s ,  i n  which th e  dominant woody s p e c i e s  
( Coloph o s permum mopan e ) showed a tendency t o  form a mosaic  of 
w e l l  d e f i n e d  p a t c h e s  of open woodland and sh rub  (o r  s c rub)  
s avanna .  The Mopane Sandveld  envi roument i s  s i m i l a r  to  t h a t  
of t h e  K a la h a r i  Sandveld  i n  many r e s p e c t s  ( s e e  s e c t i o n s  
4 . 8 . 2 ( e )  and  ( f ) ) .  D i f f e r e n c e s  occur  m a in ly  i n  t h e  s p e c i e s  
c o m p o s i t io n  of  woody v e g e t a t i o n  and i n  t h e  tendency f o r  Ç. 
mopane t o  form d i s t i n c t  a r e a s  of woodland and sh rub .  C^.
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mopane a l s o  t e n d s  t o  be found i n  n e a r l y  pure s t a n d s ,  w i th  
a s s o c i a t e d  s p e c i e s  fo rming  a v e ry  minor p a r t  of th e  t o t a l  
v e g e t a t i o n .  This  p rov ided  an  o p p o r t u n i t y  t o  t e s t  t h e  r o l e  of 
physiognomy in  a f f e c t i n g  r e f l e c t a n c e  c h a r a c t e r i s t i c s .
The two physiognomic ty p e s  (woodland and sh rub)  of  C_. 
mopane v e g e t a t i o n  a r e  o f t e n  a s s o c i a t e d  w i th  d i f f e r e n c e s  i n  
to p o g rap h y ;  t h e  shrub savanna i s  u s u a l l y  encoun te red  i n  low 
l y i n g  a r e a s ,  such as t h e  d e p r e s s i o n s  between sand r i d g e s ,  
w h i l e  t h e  h ig h e r  ground i s  u s u a l l y  occup ied  by woodland.  This  
was p a r t i c u l a r l y  n o t i c e a b l e  i n  t h e  Mopane Sandveld a r e a s  t o  
t h e  sou th  and w es t  of Maun, which d i s p l a y e d  t h e  r i d g e  and 
swale  topography  a s s o c i a t e d  w i th  o ld  l i n e a r  dune f e a t u r e s .  
Var ious  e x p l a n a t i o n s  have been o f f e r e d  a s  t o  t h e  f o r m a t io n  and 
m a in tenance  of t h e  s e p a r a t e  physiognomic t y p e s ,  th e s e  a r e  
b r i e f l y  mentioned  i n  s e c t i o n  4 . 8 . 2  and a r e  d i s c u s s e d  more 
f u l l y  below.
I t  was n o te d  ( s e c t i o n  4 . 8 . 2 ( e ) )  t h a t  th e  £ .  mopane shrub 
and woodland a r e a s  produced d i s t i n c t ,  c o n t r a s t i n g  s p e c t r a l  
r e s p o n s e  p a t t e r n s  on a number of t h e  L an d sa t  images 
i n v e s t i g a t e d  d u r in g  t h e  t e r r a i n  a n a l y s i s .  Because Ç. mopane 
u s u a l l y  forms n e a r  pu re  s t a n d s ,  i t  i s  u n l i k e l y  t h a t  
d i f f e r e n c e s  i n  s p e c i e s  com pos i t ion  acc o u n ted  f o r  t h e se  
d i f f e r i n g  r e f l e c t a n c e  c h a r a c t e r i s t i c s .  An i n v e s t i g a t i o n  of 
t h e  f a c t o r s  a f f e c t i n g  t h e  r e f l e c t a n c e  c h a r a c t e r i s t i c s  of Ç. 
mopa n e . would a l s o  i n d i c a t e  w he the r  t h e  type of r e l a t i o n s h i p  
e s t a b l i s h e d  f o r  t h e  K a la h a r i  Sandveld,  between r e f l e c t a n c e  
d a t a  and p e rc e n ta g e  woody cover ,  cou ld  be adap ted  f o r  use i n  
Mopane Sandveld  a r e a s .
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An a n a l y s i s  of  t h e  m u l t i t e m p o r a l  Landsa t  d a t a ,  of an a r e a  
of (Ç. mopane woodland and sh rub  m o s a ic ,  could  a l s o  p rov ide  
i n f o r m a t i o n  on t h e  f a c t o r  or f a c t o r s  i n v o lv e d  i n  t h e  f o r m a t io n  
and m a in tenance  of th e  two s e p a r a t e  physiognomic t y p e s .
6 .2  F o rm at ion  of t h e  Colophospermum mopane woodland and sh rub  
m osa ic .
The Ç. mopane dominated san d v e ld  a r e a s  of t h e  Okavango 
D e l t a  m arg ins  a r e  r e g a rd e d  by F i e l d  (197 8) a s  " o u t l i e r s "  of 
t h e  main d i s t r i b u t i o n  i n  n o r th  e a s t e r n  Botswana.  As a 
s p e c i e s ,  Ç. mopane a p p e a r s  t o  be e x t e n d in g  i t " s  range  w i t h i n  
s o u th e r n  A f r i c a ,  a t  t h e  expense  of o t h e r  savanna fo rming 
s p e c i e s  (Cole ,  198 2 a ) .  Th is  Okavango " o u t l i e r "  of Ç. mopane 
dominated  savanna p robab ly  r e p r e s e n t s  t h e  sou th -ward  i n v a s i o n  
f r o n t  of t h e  s p e c i e s  i n t o  t h e  mixed s p e c i e s  low t r e e  and shrub  
savanna of t h e  K a l a h a r i  r e g i o n .  Cole (1982a) r e g a r d s  t h e  
Okavango r e g i o n  a s  a v e g e t a t i o n  t e n s i o n  zone,  t h e  boundary 
between v a r i o u s  v e g e t a t i o n  t y p e s ,  such as  t h e  two n o te d  above,  
be ing  h e l d  i n  t e n s i o n  by t h e  p r e v a i l i n g  env i ronm en ta l  
c o n d i t i o n s .  Changes i n  t h e  c o n d i t i o n s  may cause a s h i f t  i n  
t h e  s p a t i a l  p a t t e r n  of t h e  main v e g e t a t i o n  ty p e s .  The major 
f a c t o r  i n  c r e a t i n g  a t e n s i o n  zone i n  t h e  Okavango r e g i o n  i s  
t h e  j u x t a p o s i t i o n  of  t h e  d e l t a  w e t l a n d s  and t h e  s e m i - a r i d  
K a l a h a r i .  The f a c t o r  (o r  f a c t o r s )  c o n t r o l l i n g  t h e  boundary 
be tween t h e  Ç. mopane dominated savanna and t h e  mixed s p e c i e s  
low t r e e  and sh rub  savanna a r e  no t  c l e a r  ( A s t l e ,  p e r s . comm.).
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Var ious  s u g g e s t i o n s  have been made r e g a r d i n g  t h e  
f o r m a t i o n  of th e  mosaic of woodland and sh rub .  P r in c e  ( p e r s ,  
comm.) s u g g e s t s  t h a t  th e  h e i g h t  of t h e  p l a n t s  i s  r e l a t e d  t o  
t h e  dep th  of an im perv ious  l a y e r  i n  t h e  s o i l ;  t h e  deeper  th e  
f r e e - d r a i n i n g  m a t e r i a l  above th e  im perv ious  l a y e r ,  t h e  t a l l e r  
t h e  v e g e t a t i o n ,  c i t i n g  t h e  example of t h e  Luangua v a l l e y  
(Zam bia) .  However, he i s  no t  c e r t a i n  t h a t  t h i s  a p p l i e s  t o  
Botswana.  E l l i s  (1 9 5 0 ) ,  a l s o  c i t e d  by Thompson (1960) ,  
a c c e p t s  t h e  i d e a  of an a s s o c i a t i o n  between Ç. mo pa ne growth 
and impeded d ra in a g e  or  shal low w a te r  p e n e t r a t i o n .
A l t e r n a t i v e  e x p l a n a t i o n s  sugges t  f a c t o r s  which a f f e c t  th o s e  
p a r t s  of t h e  p l a n t  which a r e  above ground.  T in ley  (1 9 6 6 ) ,  
based  on o b s e r v a t i o n s  i n  t h e  Moremi a r e a ,  a t t r i b u t e s  t h e  
f o r m a t i o n  of  t h e  ' s t u n t e d '  shrub  a r e a s  t o  t h e  a f f e c t s  of  f i r e  
( p r y r o p h y t i c  sh rub  s a v a n n a ) .  He n o t e s  t h a t  where t h e  " . . . t r e e  
growth i s  changed t o  shrub  o r  sc rub  g rcw th ;  t y p i c a l l y ,  
m u l t i  p ie-stemmed c o p p ic e s  a r e  produced from t h e  base of a 
c h a r r e d  o r i g i n a l  s t e m ."  He s u g g e s t s  t h a t  changes i n  t h e  growth 
form may lead  t o  more ex t rem ely  ho t  f i r e s  and a p e r p e t u a t i o n  
of  t h e  shrub  a r e a s .  The coppice  form was found i n  t h e  p r e s e n t  
s tudy  a r e a  ( s e e  s e c t i o n  6 . 3 . 2 b ) ,  Cole (1982a) n o t e s  t h a t  
i n d i v i d u a l  p l a n t s  a r e  markedly  s h o r t e r  a long  d r a in a g e  l i n e s  
where co ld  a i r  a ccum ula tes  d u r in g  w i n t e r  n i g h t s .  She b e l i e v e s  
t h a t  f r o s t  damage i s  t h e  main f a c t o r  i n  p roduc ing  and 
m a i n t a i n i n g  a s t u n t e d  growth form. T in ley  (1966) n o t e s  t h a t  
f r o s t  a c t i o n  may have a r o l e  i n  m a i n t a i n i n g  t h e  shrub  form 
once i t  has  been produced by f i r e .  Keet (1950) n o t e s  t h a t  Ç. 
mopane " . . . s u c k e r s  and coppice  s h o o t s  a r e  more s e n s i t i v e  to  
t h e  e f f e c t  of f r o s t ,  d rough t  and f i r e  t h a n  s e e d l i n g s  of t h e
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same age or s i z e  . . . "  E x c e ss iv e  browsing and o t h e r  forms of 
mechan ic a l  damage by by an imals  may a l s o  i n h i b i t  th e  growth of 
t h e  shrubs  (Ç, mo pa ne i s  r e g a rd e d  a s  a good browse s p e c i e s  
(Hendzel ,  1981) and i s  l i k e l y  t o  be used  by c a t t l e  d u r ing  
t i m e s  of g e n e ra l  env i ronm en ta l  s t r e s s ,  such as a d rough t ,  
th e re b y  f u r t h e r  s t r e s s i n g  t h e  p l a n t ) .  In t h e  absence  of f i r e ,  
c l i m a t i c  or  b i o t i c  f a c t o r s ,  t h e  shrub  form would be ex p ec ted  
t o  m a tu re  i n t o  woodland (w i th  m u l t i p i e - s t e m s  i f  t h e  shrub  was 
of  a coppice  form) .
6 .3  Ground survey  s i t e ,  Moshu a r e a  (1983) .
6 . 3 . 1  I n t r o d u c t i o n ,
The a r e a  chosen  f o r  ground survey  and compar ison  w i t h  t h e  
L a n d s a t  d a t a  was a n  a r e a  of c h a r a c t e r i s t i c  Ç. mopane woodland 
and sh ru b  savanna about  twenty f i v e  k i l o m e t r e s  s o u t h - e a s t  of 
Maun, The s i t e  o c c u r r e d  c l o s e  t o  t h e  G o v e rm e n t  a g r i c u l t u r a l  
r e s e a r c h  s t a t i o n  a t  Moshu. F ig u re  6 .1  shows t h e  l o c a t i o n  of 
t h e  s i t e  and t h e  d i s t r i b u t i o n  of th e  shrub  and woodland 
v e g e t a t i o n  t y p e s .  The map was based  on 1:40 000 ( b l a c k  and 
w h i t e )  a e r i a l  pho tog raphs  (1 9 7 3 ) ,  w i th  t h e  a i d  of ground 
o b s e r v a t i o n s  and a e r i a l  pho tography  o b ta i n e d  i n  1983 . The 
b o u n d a r i e s  between t h e  v e g e t a t i o n  t y p e s  were  c l e a r l y  v i s i b l e  
a t  ground l e v e l  a t  t h e  t ime of t h e  f i e l d  survey  ( f i g .  6 . 2 ) ,
The a r e a  was t r a v e r s e d  by s e v e r a l  cu t  l i n e s ,  which 
a l low ed  a c c e s s  f o r  ground d a t a  c o l l e c t i o n  and were  used  a s  
t r a n s e c t  l i n e s  t o  check t h e  d i s t r i b u t i o n  of t h e  v e g e t a t i o n  
t y p e s  a g a i n s t  t h e  a e r i a l  p h o to g ra p h ic  d a ta  ( f i g .  6 . 1 ) .  The 
d e t a i l e d  ground i n v e s t i g a t i o n  s i t e s  were  l o c a t e d  a lo n g  t h e
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Fig. 6.2 Colophosperm um  mopane wocdland-shrub savanna 
boundary.
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o u t l i n e  l e a d i n g  t o  t h e  Moshu Research  S t a t i o n .  Five sample 
a r e a s  were  chosen ( s ee  f i g .  6 . 1 ) ,  t h r e e  w i t h i n  t h e  sh rub  a r e a s  
and two i n  t h e  woodland a r e a s .
The t e r r a i n  a t  Moshu was t y p i c a l  of t h e  r i d g e  and swale 
topography a s s o c i a t e d  w i t h  o ld  dune f e a t u r e s .
6 . 3 . 2  Ground s u rv ey .
A d e t a i l e d  d i s c u s s i o n  of ground sampl ing  d es ig n  f o r  use 
i n  remote  s e n s in g  su rv ey s  i s  g iv e n  i n  s e c t i o n s  5.5 and 5 . 6 .
The ground su rvey  a t  Moshu in v o lv e d  s e t t i n g  up tw e lv e ,  30 m x 
10 m q u a d r a t s  i n  each of t h e  two v e g e t a t i o n  t y p e s .  Because of 
l i m i t a t i o n s  of a c c e s s  and problems of l o c a t i o n a l  a c c u ra c y ,  t h e  
q u a d r a t s  were  l o c a t e d  s y s t e m a t i c a l l y ,  p a r a l l e l  to  t h e  main 
o u t l i n e .  Th is  form of sample l o c a t i o n  meant  t h a t  q u a d r a t s  
were  l o c a t e d  both  n e a r  t o  t h e  boundary between t h e  v e g e t a t i o n  
t y p e s  and a t  some d i s t a n c e .  The q u a d r a t s  were  s e t  up a t  l e a s t  
10 m e t r e s  from th e  o u t l i n e  t o  a v o id  any i n f l u e n c e  of th e  
o u t l i n e  on t h e  v e g e t a t i o n .  I t  was n o t i c e d  t h a t  i n  t h e  shrub 
a r e a s ,  those  shrubs  w i t h i n  t h e  f i r s t  one or two m e t r e s  of  t h e  
o u t l i n e  were c o n s i d e r a b l y  t a l l e r  t h a n  th o s e  of t h e  ge n e ra l  
canopy.  A nunber  of f a c t o r s  m igh t  acc o u n t  f o r  t h i s  
phenomenon, f o r  example t h e  l a c k  of  c o m p e t i t i o n  f o r  m o i s t u r e  
and n u t r i e n t s  from t h e  n o n - v e g e t a t e d  a r e a .  D e t a i l e d  
i n f o r m a t i o n  was c o l l e c t e d  f o r  each q u a d r a t  on v a r i o u s  s o i l  and 
v e g e t a t i o n  p a ra m e te r s .  S o i l  co lou r  (Munsel l)  and t e x t u r e  were 
n o te d ,  and e s t i m a t e s  of t h e  amount of b a r e  s o i l  and l i t t e r  
cover  made ( t h e  same methods w ere  employed a s  t h o s e  used  a t  
t h e  T s e t se k u  s i t e ) .  The average  canopy h e i g h t  was e s t i m a t e d
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f o r  a l l  q u a d r a t s  and a b r i e f  d e s c r i p t i o n  of t h e  s t a t e  of both 
th e  woody and ground l a y e r  v e g e t a t i o n  were made. The t o t a l  
number of woody p l a n t s  r o o t e d  w i t h i n  each q u a d r a t ,  t o g e t h e r  
w i th  s u b - t o t a l s  f o r  each i n d i v i d u a l  s p e c i e s  p r e s e n t ,  were 
no ted  ( t a b l e  6 . 1 ) .
Cover and p r o f i l e  diagrams were  p l o t t e d  f o r  fo u r  q u a d r a t s  
i n  each of t h e  v e g e t a t i o n  t y p e s .
a)  Coloph o s permum mopane woodland.
Ç. mopane woodland was i n v a r i a b l y  a s s o c i a t e d  w i t h  th e  
h i g h e r  ground w i t h i n  t h e  Moshu survey  a r e a .  Th is  was 
conf irm ed  by a n a l y s i s  of s t e r e o  p a i r s  of  t h e  1:50 0 0 0 (1983) 
a e r i a l  photography  of t h e  s i t e .  The canopy l a y e r  was between 
6 t o  8 m e t r e s  i n  h e i g h t  ( f i g .  6 . 3 a ) ,  w i th  o c c a s i o n a l  emergents  
(C.mopane has  been n o te d  r e a c h i n g  h e i g h t s  of  up t o  23 m e t res  
a lo n g  t h e  Ewai i  R ive r  f l o o d p l a i n ,  Moremi (T in le y  196 6 ) ) .  The 
crowns t e n d  t o  be narrow in  younger  t r e e s ,  and ap p ea r  t o  
b roaden  w i th  age .  The crown d ia m e te r  of t h e  canopy forming,  
m a tu re  t r e e s  was g e n e r a l l y  about  fo u r  m e t r e s .  A number of 
s m a l l e r  £ .  mopane t r e e s  (about  3 m e t r e s  h ig h )  were o f t e n  found 
ben ea th  t h e  canopy, t o g e t h e r  w i t h  a low shrub  l a y e r  of mixed 
s p e c i e s .  The q u a d r a t  d a t a  i n d i c a t e d  t h a t  t h e  t o t a l  number of 
woody p l a n t s  per  h e c t a r e  was o ver  s i x  hundred  and e i g h t y .  Of 
t h i s  t o t a l ,  44% were C^. mopane t r e e s  and 19% Ç. mopane sh rubs .  
The shrub  l a y e r  was dominated by two s p e c i e s ,  Grewia 
f l a v e s c e n s  and Ximenia americana  ( ' S o u r  p l u m ' ) .  amer icana 
tended  t o  form s m a l l ,  dense ,  sp iny t h i c k e t s  around  t h e  base of 
C. mopane t r e e s .  G. f l a v e s c e n s  was even ly  s c a t t e r e d  b enea th
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Table 6.1 Summary of V e g e t a t i o n  Survey R e s u l t s ,  Moshu 1983
To ta l  No. D ens i ty  P l a n t s / h a
a)  mopane
shrub
A. a n t h e l m i n t i c a 3 0.3 10
A. e r i o l o b a 1 0.1 3
A. e ru b es cen s 3 0.3 10
A. t o r t i l l i s 5 0 .4 13
Ç. mopane 678 56.5 1883
D. c i n e r e a 20 1.7 57
G. f l a v e s c e n s 47 3.9 33
P. l e u b n i t z i i 2 0 .2 7
U n i d e n t i f i e d 10 0.8 27
TOTAL 769 64.1 2136
b) C. mopane
wood
A. e ru b e s c e n s 1 0.1 3
C^. mopane 155 12.9 430
( t r e e  s u b - t o t a l ) (109) ( 9 .1 ) (303)
( s h ru b  s u b - t o t a l ) (46 ) ( 3 .8 ) (127)
D. c i n e r e a 3 0.3 10
G. f l a v e s c e n s 32 2.6 87
L. n e l s i i 15 1.3 43
R. t e n u i n e r u s 2 0 .2 7
X. amer icana 31 2.6 87
U n i d e n t i f  ie d 8 0 .6 20
TOTAL 247 20.6 687
(T)) ^ ^
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Fig. 6 .3a  Profile and c o v e r  diagram of Colophospermum m opan e  
w oodland .
G - Grewia sp. X - Ximinia americana
M - Colophospermum mopane U -  Unidentified
1m
0  10 2 0  3 0 m
Fig. 6.3b Profile and c o v e r  diagram of C o lo ph osp erm um  m opan e  
shrubland.
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t h e  canopy.  These two s p e c i e s  each accoun ted  f o r  13% of a 
woody p l a n t s  r e c o r d e d .
At t h e  t ime of ground d a t a  c o l l e c t i o n  (and imaging by 
L a n d s a t )  t h e  t r e e  canopy s t i l l  r e t a i n e d  h e a l t h y  g reen  l e a v e s ,  
a few t r e e s  had begun t o  t u r n  t h e  c h a r a c t e r i s t i c  y e l lo w  ( l a t e r  
reddy brown) of C^. mopane v e g e t a t i o n  d u r in g  t h e  dry s eason .  
Th is  was i n  c o n t r a s t  t o  t h e  shrub  a r e a s ,  where many of t h e  
p l a n t s  had begun t o  change c o lou r  ( f i g .  6 . 2 ) .
The cover  diagram and p r o f i l e  i n  f i g u r e  6 . 3 a  p rov ide  an  
i n d i c a t i o n  of t h e  s t r u c t u r e  of t h e  woodland a t  Moshu. The 
v a l u e s  f o r  p e r c e n ta g e  woody cover  v a r i e d  from 24.6% t o  37.8% 
fo r  t h e  fo u r  cover  diagrams p l o t t e d  (mean v a l u e  32 .3%).
The ground l a y e r  v e g e t a t i o n  was g e n e r a l l y  i n  poor 
c o n d i t i o n ,  g r a s s e s  were  p redom inan t .  G rass  cover  i n  t h e  
woodland a r e a s  te n d ed  t o  be medium t o  low, w i th  h igh  amounts 
of  b a r e  ground.  Mopane l e a v e s  p ro v id ed  t h e  main source  of 
s u r f a c e  l i t t e r ,  a l th o u g h  t h e  o v e r a l l  amount of l i t t e r  cover  
was low. The l e a v e s  of Ç. mopane d id  n o t  appea r  t o  be r e a d i l y  
i n c o r p o r a t e d  i n t o  t h e  s o i l ;  much of t h e  l i t t e r  was composed 
of  e n t i r e ,  dead l e a v e s  from t h e  p r e v io u s  w i n t e r .  The p resence  
of dry l i t t e r  i n c r e a s e s  t h e  r i s k  of  f i r e ,  however,  t h e  Moshu 
s i t e  showed no s i g n s  of r e c e n t  bu rn ing  i n  e i t h e r  t h e  woodland 
o r  sh rub  a r e a s .
F ine sandy s o i l s  were  r e c o r d e d  th roughou t  t h e  woodland 
a r e a s .  These were grey (lOYR 5 /1 )  t o  g r e y i s h  brown (lOTR 5 /2 )  
i n  c o l o u r .  The s u r f a c e  was s t r u c t u r e l e s s ,  loose  sand,  o f t e n  
d i s t u r b e d  by t r a m p l i n g  ( c a t t l e ) .  S t a r i n g  (197 8) a s s o c i a t e s
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t h e  d i s t i n c t i v e  Ç^. mopane woodland w i t h  " . . . d e e p ,  somewhat 
e x c e s s i v e l y  d r a in e d ,  (loamy) f i n e  s a n d s . . . "  ( 'S ho robe  
s e r i e s ' ) .  He n o t e s  t h a t  sem i-ha rd  c a l c r e t e  i s  u s u a l l y  
en co u n te red  w i t h i n  150 cm.
b) Colophospermum mopane shrub  savanna .
The C_. mopane shrub  savanna (Tswana name, 'Mopanyane'  or 
' s m a l l  Mopane") was found w i t h i n  swales  between t h e  r i d g e s  of 
h ig h e r  ground.  A v e ry  d i s t i n c t  boundary e x i s t e d  between t h e  
s hrub  savanna and t h e  woodland a r e a s .  W i th in  i n d i v i d u a l  a r e a s  
of  t h e  shrub  savanna  ( s e p a r a t e d  by a r e a s  of  woodland) ,  th e  
m a j o r i t y  of t h e  i n d i v i d u a l  p l a n t s  a r e  of a v e ry  s i m i l a r  h e i g h t  
and d i a m e te r ,  forming a v e ry  unifo rm canopy ( f i g .  6 . 3 b ) .  The 
v a l u e s  measured f o r  woody cover ,  from t h e  cover  d iagrams,  
v a r i e d  between 28.0% and 32.3% (mean v a l u e  29 .8%).  The h e i g h t  
of shrubs  v a r i e d  between 1 m ( a r e a s  1 and 4) and 1.5 t o  2 m 
( a r e a  3) . The shrubs w ere  c h a r a c t e r i s t i c a l l y  c o p p i c e - l i k e  i n  
s t r u c t u r e ,  m u l t i p l e  s tems growing from a c e n t r a l  base a t  s o i l  
l e v e l .  The q u a d r a t  d a t a  i n d i c a t e d  t h a t  t h e  t o t a l  number of 
shrubs  pe r  h e c t a r e  was over  two thousand  and f o r t y . .  C, mopane 
shrubs  ac c o u n te d  f o r  92% of a l l  r e c o rd e d  p l a n t s .
Very few t r e e s  a r e  found i n  t h e  shrub  a r e a s ,  th o se  t h a t  
w ere ,  were r e s t r i c t e d  t o  p a t c h e s  n e a r  t h e  edge of t h e  woodland 
o r  were  found  on ground r a i s e d  above t h e  g e n e ra l  l e v e l  of t h e  
d e p r e s s i o n  ( f o r  example,  o ld  t e r m i t e  mounds).
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The ground l a y e r  was dominated by g r a s s e s ,  w i th  medium t o  
low amounts of co v e r .  Exposed s o i l  a r e a  was h ig h ,  w i th  only 
low l i t t e r  cover (main ly  l e a v e s  of C. mopane) .
O ther s p e c i e s  of shrubs  form a ve ry  smal l  component of 
t h e  v e g e t a t i o n ,  both i n  te rm s  of number and co v e r .  Grewia 
f l a v e s c e n s  i s  found most f r e q u e n t l y ,  w i th  only  s c a t t e r e d  
examples of  A cac ia  and o t h e r  s h ru b s .  amer icana ap pea red  t o  
be t o t a l l y  a b s e n t ,  be ing  a s s o c i a t e d  e x c l u s i v e l y  w i th  t h e  
woodland.  P ic h o s t a c h ys  c i n e r e a  was r e c o r d e d  i n  on ly  one 
q u a d r a t .
The s o i l s  e n c o u n te r e d  i n  t h e  shrub  a r e a s  were f i n e  sands 
( s i m i l a r  t o  th o s e  of t h e  woodland a r e a s ) . They v a r i e d  i n  
c o lou r  from grey ( lOYR 5 /1 )  t o  l i g h t  grey (lOYR 7 / 1 ) .  S t a r i n g  
(197 8) a s s o c i a t e d  C^. mopane sh ru b la n d  a r e a s  w i t h  deep,  w e l l  
d r a i n e d ,  ( loamy) f i n e  sands ("Moremi s e r i e s " ) .  However, 
u n l i k e  th e  "Shorobe s e r i e s "  a s s o c i a t e d  w i t h  t h e  woodland 
a r e a s ,  he s t a t e d  t h a t  " C a lc a reous  m a t e r i a l  i s  n o t  g e n e r a l l y  
e n co u n te re d  w i t h i n  150 cm."
6 .4  A n a ly s i s  of  t h e  L a n d s a t  MSS d a t a .
6 . 4 . 1  I n t r o d u c t i o n .
M ul t i t em pora l  L andsa t  d a t a  was a v a i l a b l e  f o r  th e  Moshu 
s i t e  f o r  t h e  p e r i o d  1972 t o  1983 . A nun he r  of enhancement 
p ro c e d u re s  were  employed t o  g e n e r a t e  imagery of t h e  Moshu a r e a  
f o r  t h e  v a r i o u s  d a t e s .  V isua l  i n t e r p r e t a t i o n  of image c o n t e n t  
was made, s p e c i f i c a l l y  t o  a s s e s s  w h e th e r  t h e  d a t a  could  be 
used t o  d i s t i n g u i s h  a r e a s  of  C^. mopane sh rub  from woodland.
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The v i s u a l  a n a l y s i s  was complemented by s t a t i s t i c a l  a n a l y s i s  
of  sampled d i g i t a l  d a t a  v a l u e s .
6 . 4 . 2  V isua l  i n t e r p r e t a t i o n  of m u l t i t e m p o ra l  imagery.
The mul t i  tempora l  imagery an a ly se d  r e p r e s e n t e d  v a r y i n g  
se a s o n a l  and c l i m a t i c  c o n d i t i o n s  ( f i g  3 . 4 ) .  These f a c t o r s  a r e  
d i s c u s s e d  i n  t h e  c o n te x t  of observed  changes i n  t h e  r e s p o n s e  
v a l u e s  (of  t h e  shrub  and woodland a r e a s )  ove r  t ime a s  s een  on 
t h e  imagery .  Convent ional  ( c o n t r a s t  s t r e t c h e d )  c o lo u r  
com posi te s  were  found t o  p rov ide  t h e  most u s e f u l  form of 
enhanced imagery th roughou t  t h e  v i s u a l  a n a l y s i s ,  t h e r e f o r e  a l l  
r e f e r e n c e s  t o  t h e  image c h a r a c t e r i s t i c s  r e f e r  to  t h e s e  u n l e s s  
o th e rw i s e  s t a t e d .
Evidence from a e r i a l  photography  (1973 and 1983) s u g g e s t s  
t h a t  t h e  p a t t e r n  of woodland and sh rub  i n  t h e  Moshu a r e a  has  
no t  a l t e r e d  s u b s t a n t i a l l y  d u r in g  t h e  p e r i o d  of  a v a i l a b l e  
L a n d s a t  imagery .  The b o u n d a r ie s  were  c l e a r l y  e v id e n t  between 
t h e  two v e g e t a t i o n  ty p e s  a t  both  d a t e s .
a) 15 September 1972.  The b o u n d a r ie s  between t h e  
woodland and sh ru b  a r e a s  were  no t  g e n e r a l l y  d i s t i n c t  on any 
form of t h e  enhanced imagery .  There was some d i f f e r e n c e  i n  
co lo u r  and tone  between t h e  a r e a s  ( a s  seen  on t h e  co lour  
composi te  image) ;  t h e  woodland a r e a s  appea red  p a l e  grey t o  
brown, t h e  shrub  a r e a s  were  p a l e  grey or w h i t e .  September i s  
t h e  v e ry  end of  t h e  dry p e r i o d ,  t h i s  migh t  accoun t  f o r  a l a c k  
o f  s p e c t r a l  r e s p o n s e  c h a r a c t e r i s t i c  of g reen  v e g e t a t i o n .
A e r i a l  pho tographs  showed t h a t  woodland o ccup ied  t h e  same 
s i t e s  i n  March 1973 as  i n  1983 , t h e r e f o r e ,  a s t a n d i n g  t r e e
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cover must  have been been i n  e x i s t e n c e  a t  t h e  t ime of th e  
September image.  This  a l s o  a p p l i e d  t o  t h e  shrub  a r e a s .
b) 19 January  1973.  The b o u n d a r ie s  between t h e  
v e g e t a t i o n  ty p e s  were v e ry  d i s t i n c t  and they  d i s p l a y e d  v e ry  
d i f f e r e n t  s p e c t r a l  r e sponse  c h a r a c t e r i s t i c s  ( f i g .  6 . 4 ) .  The 
woodland was seen  a s  a r e a s  of medium brownish  ( o r  g r e y i s h )  
r e d ,  in  c o n t r a s t  t o  t h e  shrub a r e a s ,  which remained p a l e  grey 
or  w h i t e .  By January  of 197 3 i t  i s  p ro b a b le  t h a t  s u f f i c i e n t  
r a i n  had f a l l e n  t o  a l low  t h e  t r e e s  t o  produce g reen  l e a v e s  and 
t h e  s p e c t r a l  r e sp o n se  c h a r a c t e r i s t i c  of  t h i s .  The a e r i a l
photography showed an  e s t a b l i s h e d  sh rub  cover  t o  be p r e s e n t  i n
e a r l y  1973,  however,  i t  does n o t  seem t o  have  re sponded  i n  t h e
same way as t h e  woodland a r e a s .
c)  22 August 197 5. The b o u n d a r ie s  were  a g a i n  v e ry  
d i s t i n c t .  The p resence  of a l a r g e  f i r e  s c a r  over t h e  study 
a r e a  was e v i d e n t  from t h e  imagery .  The s i t e  at which t h e  f i r e  
was i n i t i a t e d  ap p ea red  t o  have been  a lo n g  t h e  l i n e  of a t r a c k  
which ru n s  p a r a l l e l  ( a p p ro x im a te ly  two k i l o m e t r e s  sou th )  t o  
t h e  Moshu o u t l i n e .  The shape of t h e  s c a r  (and of  o t h e r s  seen  
on t h e  whole L a n d s a t  scene)  i n d i c a t e d  a s o u t h - s o u t h - e a s t e r l y  
wind d i r e c t i o n  a t  t h e  t ime of th e  f i r e .  The s c a r  covered t h e  
whole  of t h e  Moshu s i t e  and p a r t  of t h e  a r e a  to  t h e  n o r th  of 
t h e  Xotego channel  ( f i g .  6 . 5 ) .  F i r e s  ( i n t e n t i o n a l  or 
o t h e r w i s e )  a r e  a common phenomenon th roughou t  Botswana a t  th e  
end of  t h e  dry season ,  d e s p i t e  l e g i s l a t i o n  p r o h i b i t i n g  burn ing  
( F i e l d ,  1978; APRÜ, 1980; Samboma, 1982) ,  (L an d s a t  d a t a  has  
been used  i n  an  a t t e m p t  t o  m o n i to r  f i r e s  i n  Botswana and o t h e r  
p a r t s  of  A f r i c a  (Wightman, 1973;  D e s h le r ,  1974; F i e l d ,  1978;
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Xotego'^-channol.r a
Fig. 6.4 Landsat colour com posite  showing the Moshu area 
[January 1973].
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X o teg o
Fig. 6.5 Landsat co lour com posite  showing the Moshu area 
[August 19753.
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A derho ld ,  1 9 8 1 ) ) .  D esp i te  t h e  f i r e ,  t h e  woodland a r e a s  
a p p ea red  a s  medium brownish red  p a t c h e s  c h a r a c t e r i s t i c  of 
h e a l th y  v e g e t a t i o n .  The shrub a r e a s  were  medium t o  p a l e  blue 
g rey .  Burn s c a r s  a r e  t y p i c a l l y  very  d a rk  i n  to ne  t o  beg in  
w i t h ,  becoming p a l e r  i n  to ne  w i th  t im e .  I t  i s  no t  p o s s i b l e  to  
d a t e  t h e  f i r e  t h a t  caused  t h e  p a r t i c u l a r  s c a r ,  but ev idence  
from o t h e r  bu rn s ,  seen  on c o n s e c u t iv e  images of th e  Okavango 
a r e a ,  s u g g e s t s  t h a t  s c a r s  fade  f a i r l y  r a p i d l y .  The Moshu f i r e  
was p robab ly  w i t h i n  t h e  p r e c e e d in g  month.  The s c a r  was 
c l e a r l y  v i s i b l e  on images of  a l l  t h e  i n d i v i d u a l  MSS bands on 
22 August ,  however, e i g h t e e n  days l a t e r  (9 September)  i t  could  
o n ly  be c l e a r l y  d i s t i n g u i s h e d  on a n  image of MSS band 7 ( b l a c k  
and w h i t e  p h o to g ra p h ic  p r o d u c t s  o n ly ,  were o b t a in e d  f o r  t h i s  
d a t e ) .  Cole and Owen-Jones (1977) s t u d y i n g  t h e  change i n  f i r e  
s c a r s  i n  t h e  d o n c u r r y  P l a i n s  ( A u s t r a l i a )  from L andsa t  
imagery,  no ted  t h a t  s c a r r e d  a r e a s  appea red  t o  r e t u r n  t o  n e a r  
normal c o n d i t i o n s  i n  about  s e v e n te e n  months.  The f a s t e r  
r e c o v e ry  r a t e  i n  t h e  case  of t h e  Moshu burn  may have been due 
t o  t h e  bu rn  o c c u r r i n g  p r i o r  to  t h e  main r a i n s  and p e r i o d  of 
most r a p i d  g r a s s  r e g ro w th .
d) 18 May 1976 .  Nine or  t e n  months a f t e r  t h e  p ro b ab le  
d a t e  of t h e  Moshu f i r e ,  t h e  s c a r  was no lo n g e r  e v id e n t  on t h e  
im agery.  The b o u n d a r ie s  between t h e  v e g e t a t i o n  t y p e s  remained  
d i s t i n c t .  The woodland a g a i n  produced  a medium tone r e d d i s h  
c o lo u r  on t h e  imagery .  The shrub  a r e a s  had r e t u r n e d  t o  t h e  
p a l e  grey t o  w h i t e  of t h e  e a r l i e r  images.
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e) 7 May 1983 . Very l i t t l e  c o n t r a s t  between v e g e t a t i o n  
t y p e s  was e v i d e n t  from th e  imagery ( f i g .  6 . 6 ) .  The bou n d a r ie s  
were  v e ry  d i f f i c u l t  t o  d e t e c t  d e s p i t e  t h e  f a c t  t h a t  they were 
c l e a r l y  v i s i b l e  both on t h e  ground and on a e r i a l  pho tographs  
of  t h e  same p e r i o d .
6 . 4 . 3  A n a ly s i s  of  t h e  d i g i t a l  d a t a .
A random sample of 40 p i x e l s  w i t h i n  each of t h e  C. mopane 
v e g e t a t i o n  t y p e s  were  c o l l e c t e d  u s i n g  t h e  d i g i t a l  image 
p r o c e s s o r  (DIAD). A s e t  of random c o o r d i n a t e s  were  g e n e ra te d  
and t h e  sample p i x e l s  l o c a t e d  on t h e  b a s i s  of  t h e i r  l i n e  and 
column p o s i t i o n s .  The v a l u e s  i n  each MSS band were  no ted  f o r  
every  sample p i x e l .
The sample d a ta  was i n i t i a l l y  p l o t t e d  a s  b i v a r i a t e  
s e a t t e r g r a m s  (of  one MSS band a g a i n s t  a n o t h e r ,  f i g .  6 .7  
c o n t r a s t s  t h e  sea t t e r g r a m s  of  MSS band 5 w i th  band 7 f o r  th e  
197 3 and 1983 d a t a  s e t s ) .  The form of th e  sea t t e r g r a m s  
produced ,  conf irmed  t h e  r e s u l t s  of t h e  v i s u a l  a n a l y s i s .  For 
th o s e  d a t e s  of  imagery where t h e  two v e g e t a t i o n  t y p e s  were  
seen  a s  d i s t i n c t ,  i n  te rms  of bo th  s p e c t r a l  r e s p o n s e  and c l e a r  
b o u n d a r i e s ,  t h e  sample d a t a  formed two d i s t i n c t  c l u s t e r s  on 
t h e  sea t t e r g r a m s .  The d a t a  v a l u e s  f o r  th e  woodland a r e a s  
ap p e a re d  t o  be c o n s i s t e n t l y  lower th a n  th o s e  of t h e  shrub 
a r e a s .  The s c a t t e r g r a m s  f o r  t h e  1983 samples ,  however,  showed 
no d i s t i n c t  s e p a r a t i o n  of  t h e  d a t a .  A marked deg ree  of 
o v e r l a p  of  t h e  two groups was d i s p l a y e d .
26'
Ik.
Fig. 6.6 Landsat co lour com posite  of the Moshu site (May 19833
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Fig. 6.7 S ca t ter  diagrams showing the relationship b e t w e e n  MSS 
band 5 and 7 values for the Moshu a rea  for w oo d la n d  
and shrub savan na  ( 1 9 7 3  and 19833.
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I t  was dec ided  t o  s t a t i s t i c a l l y  t e s t  t h e  1983 d a t a  f o r  
any s i g n i f i c a n t  d i f f e r e n c e  between t h e  two sample g roups ;  
f r eq u en cy  h i s to g ra m s  of s i n g l e  MSS bands (showing t h e  two 
groups of  d a t a )  i n d i c a t e d  t h a t  a d i f f e r e n c e  i n  t h e  d a t a  s e t s  
migh t  e x i s t  i n  t h e  case  of c e r t a i n  of t h e  MSS bands .  A (two 
t a i l e d )  S tu d e n t  t  t e s t  was used t o  t e s t  f o r  any d i f f e r e n c e  
between t h e  woodland and s h ru b la n d  d a t a  s e t s .  The d a t a  f o r  
MSS band 5 (which appea red  t o  show some d i f f e r e n c e  between t h e  
two groups  of d a t a  when p l o t t e d  a s  a f requency  h i s tog ram )  and 
band 7 (which showed a much g r e a t e r  o v e r l a p  between t h e  two 
s e t s  of d a t a )  were t e s t e d  s e p a r a t e l y .  The r e s u l t s  showed t h a t  
a s i g n i f i c a n t  d i f f e r e n c e  ( a t  t h e  95% l e v e l )  d i d  e x i s t  between 
t h e  two s e t s  i n  t h e  case  of MSS band 5.  The f requency  
h i s to g r a m  i n d i c a t e d  t h a t  t h e  v a l u e s  f o r  t h e  woodland d a t a  were 
g e n e r a l l y  Icwer t h a t  those  f o r  t h e  sh rub  a r e a s .  Th is  i s  
p robab ly  t h e  r e s u l t  of d i f f e r e n c e s  i n  l e a f  c o lou r  a t  t h i s  
p e r i o d .  The shrub  a r e a s  te n d ed  t o  be t u r n i n g  r e d d i s h  i n  
c o l o u r ,  w h i l e  most of t h e  t r e e s  remained  g reen .  Green l e a v e s  
ab s o rb  r e d  l i g h t  ( i n  t h e  MSS band 5 r a n g e ) ,  fo r  
p h o t o s y n t h e s i s ,  w h i l e  dying  l e a v e s  do no t  and t h e r e f o r e  appea r  
ye l low  or r e d  i n  c o l o u r .  The r e s u l t s  f o r  MSS band 7 i n d i c a t e d  
t h a t  no s i g n i f i c a n t l y  d i f f e r e n t  e x i s t e d  ( a t  th e  95% l e v e l ) .
I t  mus t ,  however,  be no ted  t h a t  t h e  S tuden t  t  t e s t  i s  p u re ly  
an a n a l y s i s  of  means; t h e  form of t h e  f requency  h i s tog ra m  f o r  
t h e  MSS band 7 d a t a  and t h e  c a l c u l a t e d  s t a n d a r d  d e v i a t i o n s  
i n d i c a t e  t h a t  w h i l e  t h e  two groups f a l l  about  a s i m i l a r  mean, 
t h e  s h ru b la n d  d a t a  te nded  t o  have a w id e r  d i s t r i b u t i o n  (over  
t h e  p o s s i b l e  range  of r e f l e c t a n c e  v a l u e s ) .  Much of th e  
r e f l e c t e d  i n f r a r e d  l i g h t  would have been from t h e  ba re  s o i l
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s u r f a c e , t h e  c o n t r i b u t i o n  of both  type s  of  v e g e t a t i o n  would 
have been low in  t h i s  c a s e .
6 .5  D i s c u s s i o n  of r e s u l t s .
6 .5 .1 I n t r o d u c t i o n .
The r e s u l t s  p r e s e n t e d  above must be i n t e r p r e t e d  i n  t h e  
l i g h t  of a v a i l a b l e  supp lementa ry  i n f o r m a t i o n .  D e t a i l e d  ground 
d a t a  f o r  t h e  Moshu a r e a  was on ly  a v a i l a b l e  f o r  d a t e  of t h e  
1983 Landsa t  d a t a .  Only s p a r s e  supplementa ry  d a t a  was 
a v a i l a b l e  f o r  th e  o t h e r  d a t e s  of imagery ( a e r i a l  photography 
(1969,  197 3) and c l i m a t i c  d a t a ) .
6 . 5 . 2  Fac t  or ( s )  i n f l u e n c i n g  t h e  r e f l e c t a n c e  c h a r a c t e r i s t i c s  of 
Colophospermum mopane v e g e t a t i o n  t y p e s .
A n a ly s i s  of  t h e  enhanced imagery and t h e  sample d a ta  
showed t h a t  d i f f e r e n c e s  i n  s p e c t r a l  r e s p o n s e s  be tween t h e  Ç. 
mopane woodland and sh rub  a r e a s  d id  n o t  remain  c o n s t a n t  
( r e l a t i v e  to  one a n o t h e r )  th rough  t im e .  A number of f a c t o r s  
may cause v a r i a t i o n s  i n  t h e  r e s p o n s e s  of  t h e  two v e g e t a t i o n  
t y p e s  a t  c e r t a i n  t im e s  and n o t  a t  o t h e r s .  D i f f e r e n c e s  could  
be caused  by one or more of t h e  f o l l o w i n g ;  v a r i a t i o n  i n  
v e g e t a t i o n  cover ,  l e a f  a r e a ,  dep th  of canopy,  l e a f  c o lo u r  and 
d i f f e r e n c e s  i n  a s s o c i a t e d  s p e c i e s .
Which of th e s e  f a c t o r s  c o n t r o l s  t h e  r e f l e c t a n c e  
c h a r a c t e r i s t i c s  of t h e  v e g e t a t i o n  i s  i m p o r t a n t .  I t  w i l l  
de te rm ine  w he the r  t h e  d i f f e r e n c e s  i n  t h e  s p e c t r a l  r e s p o n s e s  a t  
c e r t a i n  d a t e s ,  a r e  a p roduc t  of d i f f e r e n c e s  i n  physiognomy, or
271
of some o t h e r  f a c t o r  such as v e g e t a t i o n  cover ,  which a r e  not  
n e c e s s a r i l y  r e l a t e d  t o  d i f f e r e n c e s  i n  t h e  growth form of 
mopa n e . Th is  w i l l  in  t u r n  de te rmine  what  u s e s  ( i f  any) can  be 
made of t h e  L andsa t  d a t a .
A e r i a l  pho tographs  f o r  t h e  y e a r s  196 9 and 197 3 show th e  
woodland and sh rub  a r e a s  h av ing  t h e  same s p a t i a l  d i s t r i b u t i o n  
a s  they  d id  a t  t h e  t ime of t h e  1983 ground and a e r i a l  
p h o to g ra p h ic  s u rv e y s .  The b o u n d a r ie s  between t h e  v e g e t a t i o n  
t y p e s  a r e  t h e  same a s  t h o s e  seen  on t h e  L a n d s a t  imagery of t h e  
y e a r s  197 3,  197 5 and 197 6.  T h e r e f o re ,  any changes i n  t h e  
r e f l e c t a n c e  r e s p o n s e s  of  t h e se  a r e a s  cannot  be t h e  r e s u l t  of 
changes  i n  t h e  d i s t r i b u t i o n  of woodland and sh rub  a r e a s  
r e l a t i v e  t o  one a n o t h e r .
A compar ison  of t h e  197 3 and 1983 a e r i a l  pho tographs  
showed t h a t  changes  i n  t h e  amount of v e g e t a t i o n  cover had 
o c c u r r e d  w i t h i n  some of t h e  a r e a s .  The shrub  a r e a s  i n  197 3 
appea red  t o  have  a much s p a r s e r  cover  th a n  i n  1983 , a l th o u g h  
l i t t l e  change a p p e a r s  t o  o c c u r r e d  w i t h i n  t h e  woodland a r e a s .  
Th i s  i s  c o n s i s t e n t  w i t h  t h e  o b s e r v a t i o n  t h a t  numbers (and 
co v e r )  o f  woody p l a n t s  have i n c r e a s e d  i n  t h e  r e g i o n  d u r in g  t h e  
1 9 7 0 ' s ,  fo l l o w in g  t h e  d rough t  p e r io d s  of  t h e  196 0 ' s  ( s e c t i o n  
5 . 7 . 3 ) .  E s t a b l i s h e d  woodland a r e a s  a r e  l e s s  l i k e l y  t o  have 
s u f f e r e d  d u r in g  t h e  d ro u g h t s  t h a n  t h e  coppice  sh ru b s ,  which 
ap p ea r  t o  be more s u s c e p t i b l e  t o  damage from extreme 
c o n d i t i o n s  (Kee t ,  1950) , and t h e r e f o r e  f l u c t u a t i o n s  i n  t h e  
amount of woodland cover  would a l s o  be l e s s  l i k e l y .
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Given t h a t  t h e  d i s t r i b u t i o n  of woodland and shrub  a r e a s  
remained  t h e  same th roughou t  t h e  study  p e r i o d ,  any f a c t o r s  
d i r e c t l y  l i n k e d  t o  d i f f e r e n c e s  i n  growth form, such as  canopy 
dep th ,  must a l s o  have  been p r e s e n t .  I f  t h e s e  f a c t o r s  were  a 
majo r  cause of d i f f e r e n c e s  i n  r e c o r d e d  r e f l e c t a n c e s  between 
t h e  woodland and sh rub  a r e a s ,  t h e i r  i n f l u e n c e  should  have  been 
a p p a r e n t  th roughou t  t h e  whole p e r i o d ,  u n l e s s  a n o t h e r  f a c t o r  
had masked them. I t  i s  p o s s i b l e ,  f o r  example,  t h a t  l a r g e  
d i f f e r e n c e s  i n  cover  between t h e  two v e g e t a t i o n  t y p e s ,  could  
have masked t h e  i n f l u e n c e  of physiognomic f a c t o r s .  In which 
case  t h e i r  i n f l u e n c e  should  have been o b s e r v a b l e  when t h e  
woodland and t h e  shrub  a r e a s  d i s p l a y e d  comparab le  cover  
v a l u e s .  Cover v a l u e s  a p p e a r  to  have  been s i m i l a r  a t  t h e  Moshu 
s i t e  i n  May 1983 ( s e e  s e c t i o n  6 . 3 . 2 ) ,  However, t h e  L andsa t  
d a t a  f o r  t h i s  p e r io d  d i s p l a y e d  t h e  l e a s t  d i s t i n c t i o n ,  between 
t h e  two v e g e t a t i o n  t y p e s ,  of a l l  t h e  L an d s a t  images .  A n a ly s i s  
of  t h e  d i g i t a l  d a t a  a l s o  t ended  t o  conf i rm  t h i s .  This  
i n d i c a t e s  t h a t  physiognomic f a c t o r s  a r e  no t  r e s p o n s i b l e  f o r  
t h e  d i f f e r e n c e s  i n  t h e  r e f l e c t a n c e  c h a r a c t e r i s t i c s  of woodland 
and sh rub  s een  on some of t h e  im agery .
The ground survey  a l s o  conf i rm ed  t h a t  a s s o c i a t e d  s p e c i e s  
were  of minor s i g n i f i c a n c e  w i t h i n  bo th  of t h e  C^. mopane 
v e g e t a t i o n  . types  ( a t  Moshu),  t h e r e f o r e  t h i s  f a c t o r  i s  
ex t re m e ly  u n l i k e l y  t o  have  had ai^r a f f e c t  on t h e  r e c o r d e d  
r e f l e c t a n c e  l e v e l s  w i t h i n  e i t h e r  of t h e  a r e a s .
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The r e s u l t s  do s u gges t  t h a t  t h e  main f a c t o r  a f f e c t i n g  
r e f l e c t a n c e  l e v e l s  i s  t h e  p e rc e n ta g e  cover  of v e g e t a t i o n .
This  w i l l  p robab ly  in c lu d e  both  woody and he rbac eous  cover i n  
c e r t a i n  c i r c u m s ta n c e s .  The d i f f e r e n c e s  i n  s p e c t r a l  re sponse  
between t h e  two v e g e t a t i o n  t y p e s ,  as  d e t e c t e d  on t h e  imagery 
of t h e  m i d - 1 9 7 0 ' s ,  was p robab ly  t h e  r e s u l t  of low cover  v a l u e s
i n  t h e  shrub  a r e a s  c o n t r a s t i n g  w i t h  h ig h e r  v a l u e s  i n  t h e
woodland a r e a s .  The shrub  a r e a s  were  seen  a s  p a l e  a r e a s  on 
t h e  imagery ,  t h e  r e s u l t  of h igh  r e f l e c t a n c e  v a l u e s  i n  a l l  four 
MSS bands due to  low cover  v a l u e s .  In c o n t r a s t ,  t h e  woodland 
a r e a s  were  much d a rk e r  i n  to n e ,  t h e  r e s u l t  of low r e f l e c t a n c e
v a l u e s  due to  h igh  cover  v a l u e s .  On t h e  b a s i s  of th e
r e l a t i o n s h i p  e s t a b l i s h e d  between woody cover  and MSS d a t a  f o r  
t h e  K a la h a r i  Sandveld a r e a ,  t h i s  would be t h e  expec ted  r e s u l t .  
By 1983 , t h e  cover  v a l u e s  f o r  woodland and sh ru b  were  much 
c l o s e r .  This  would accoun t  f o r  th e  d i f f i c u l t y  i n  
d i s t i n g u i s h i n g  t h e s e  a r e a s  on t h e  im agery ,  and f o r  th e  
observed  t h e  o v e r l a p  i n  t h e  two groups of sample d a t a .  The 
ground survey  i n d i c a t e d ,  t h a t  w h i l e  s i m i l a r ,  t h e  woodland 
a r e a s  s t i l l  had s l i g h t l y  h ig h e r  o v e r a l l  cover  v a l u e s .  Th is  
a c c o u n t s  f o r  t h e  f a c t  t h a t  t h e  MSS band 5 sample d a t a  was 
s i g n i f i c a n t l y  d i f f e r e n t  f o r  t h e  two g roups ;  t h e  v a l u e s  i n  t h e  
woodland sample be ing  g e n e r a l l y  lower t h a n  th o s e  of t h e  shrub 
a r e a .
The r e s u l t s  i n d i c a t e  t h a t  t h e  main f a c t o r  i n f l u e n c i n g  t h e  
r e f l e c t a n c e  r e s p o n s e s  of both  t h e  Mopane Sandveld  and t h e  
K a l a h a r i  Sandveld  a r e a s  i s  t h e r e f o r e  t h e  same; t h e  amount of 
v e g e t a t i o n  cover ( r e l a t i v e  t o  exposed s o i l  a r e a ) .  As t h e
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s o i l s  of bo th  a r e a s  a r e  v e ry  s i m i l a r  (and o t h e r  f a c t o r s ,  such 
as  amount of s u r f a c e  l i t t e r ,  a r e  a l s o  com parab le ) ,  i t  can be 
assumed t h a t  t h e  form of t h e  r e l a t i o n s h i p  w i l l  be s i m i l a r  f o r  
both  t e r r a i n  t y p e s .  I t  i s ,  t h e r e f o r e ,  h ig h ly  p ro b a b le  t h a t  
L an d sa t  d a t a  cou ld  be used  t o  map t h e  d i s t r i b u t i o n  of woody 
cover  i n  t h e  Mopane Sandveld  i n  a s i m i l a r  manner to  t h e  
c l a s s i f i c a t i o n  developed  f o r  t h e  K a l a h a r i  Sandveld.  The d a t a  
cou ld  n o t ,  however, be used  t o  d i s t i n g u i s h  physiognomic 
d i f f e r e n c e s  w i th  any c e r t a i n t y  as t h e r e  a p p e a r s  t o  be no 
r e l a t i o n s h i p  between t h e  amount of woody cover  and t h e  growth 
form of Ç. mopane. P h o to g ra p h ic  and ground survey  ev idence  
( from th roughou t  t h e  Mopane Sandveld  a r e a s )  showed t h a t  cover 
v a l u e s ,  f o r  both  th e  woodland and sh rub  forms ,  v a r i e d  n o t  only 
in  t im e ,  but  a l s o  s p a t i a l l y .
6 . 5 . 3  Use of L andsa t  d a t a  i n  u n d e r s t a n d i n g  t h e  f a c t o r s  
i n f l u e n c i n g  t h e  growth form of Colophospermum mopane .
A n a ly s i s  of  t h e  m u l t i t e m p o r a l  L andsa t  d a t a  does p rov ide  
i n f o r m a t i o n  on p o s s i b l e  f a c t o r s  in v o l v e d  i n  t h e  ma in tenance  of 
t h e  p a t t e r n  of  C^. mopane woodland and sh rub  a t  Moshu.
However, t h e  d a t a  does n o t  a l lo w  d i r e c t  o b s e r v a t i o n  of  t h e  
f o r m a t i o n  of t h e  v e g e t a t i o n  p a t t e r n s ,  as  they  were a l r e a d y  
e s t a b l i s h e d  i n  t h e  Moshu a r e a  by 1969.
The ev idence  from t h e  L a n d s a t  d a t a  s u g g e s t s  t h a t  f i r e  i s  
one of t h e  f a c t o r s  w i t h  a r o l e  i n  m a i n t a i n i n g  t h e  shrub  growth 
form.  The e f f e c t s  of a f i r e  i n  1975,  were seen  on L an d s a t  
imagery fo r  August and September of t h a t  y e a r .  The e x t e n t  of 
t h e  f i r e  s c a r ,  v i s i b l e  on t h e  imagery fo r  August ,  shows t h e
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whole of t h e  Moshu s i t e  and much of t h e  su r ro u n d in g  a r e a  to  
have  been a f f e c t e d .  The imagery i n d i c a t e s  t h a t  t h e  woodland 
a r e a s  were no t  s e r i o u s l y  a f f e c t e d  by t h e  f i r e .  These a r e a s  
co n t in u e d  t o  produce s p e c t r a l  r e s p o n s e s  c h a r a c t e r i s t i c  of 
h e a l t h y  g reen  v e g e t a t i o n  ( s e e n  a s  r e d  a r e a s  on t h e  co lour  
c o m p o s i t e ) .  The shrub  a r e a s ,  however, d i s p l a y e d  v e ry  
d i f f e r e n t  r e f l e c t a n c e  c h a r a c t e r i s t i c s ,  t y p i c a l  of b u rn t  a r e a s  
p r i o r  t o  t h e  r e c o v e ry  of v e g e t a t i o n .  I t  seems t h e  m a tu re  
woodland t r e e s  were  a b l e  t o  s u r v iv e  t h e  e f f e c t s  of  t h e  f i r e  
b e t t e r  th a n  t h e  sh ru b s .  Keet  (1950) n o t e s  t h a t  coppice  growth 
( a s  found  a t  Moshu), pe r fo rms  l e s s  w e l l  under  s t r e s s  
( i n c l u d i n g  f i r e )  t h a n  s e e d l i n g s  of th e  same s i z e  and age .
Thus,  t h e  e f f e c t  of t h e  f i r e  was t o  m a i n t a i n  t h e  p a t t e r n  of 
v e g e t a t i o n  i n  t h e  p r e - b u r n  form. According t o  T in le y  (1966) 
t h e  coppice  form of shrub  growth i s  i n d i c a t i v e  of f i r e  a s  t h e  
f o r m a t i v e  f a c t o r .  However, i t  may simply be t h a t  f i r e s  have  
imposed t h i s  growth form on shrub  v e g e t a t i o n  caused  by a n o t h e r  
f a c t  o r .
I t  a l s o  a p p e a r s  t h a t  d rough t  may have a r o l e  i n  
m a i n t a i n i n g  t h e  sh rub  grcx^th form. There i s  ev idence  t h a t  t h e  
number of woody p l a n t s  i n c r e a s e d  i n  t h e  sandve ld  a r e a s  (of  th e  
Okavango r e g i o n )  d u r in g  t h e  1970^s ( s e c t i o n  5 . 7 . 3 ) ,  and t h a t  
t h i s  may have been r e c o v e ry  fo l l o w i n g  t h e  d rough t  c o n d i t i o n s  
of  1 9 6 0 ' s .  Th is  form of s t r e s s  would a l s o  a f f e c t  t h e  shrubs  
more s e r i o u s l y  t h a n  t h e  e s t a b l i s h e d  woodland t r e e s  (Kee t ,
1950 ) .  Changes i n  t h e  r e f l e c t a n c e  c h a r a c t e r i s t i c s  of t h e  
shrub  a r e a s  from t h e  e a r l y  1 9 7 0 ' s  t o  1983 a r e  c o n s i s t e n t  w i t h  
an i n c r e a s e  woody v e g e t a t i o n  cover  i n  t h e  shrub  a r e a s ,  w h i le
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t h e  woodland a r e a s  appea r  t o  have remain  r e l a t i v e l y  c o n s t a n t .
The p a t t e r n  of v e g e t a t i o n  w i th  r e g a r d  t o  topography i s  
a l s o  c o n s i s t e n t  w i th  t h e  o b s e r v a t i o n  by Cole (1982a ) ,  t h a t  t h e  
shrub form i s  r e s t r i c t e d  t o  low l y i n g  a r e a s  which expe r i ence  
ve ry  low w i n t e r  t e m p e r a t u r e s  and o c c a s i o n a l  f r o s t .
I t  i s  p ro b ab le  t h a t  a l l  of t h e s e  f a c t o r s  i n t e r a c t  t o  
i n t e r r u p t  t h e  development of t h e  shrub  form i n t o  woodland.
The L a n d s a t  d a t a  p ro v id e d  no d i r e c t  i n f o r m a t i o n  on 
s u b - s u r f a c e  c o n d i t i o n s  which  may have caused  t h e  woodland and 
sh rub  m o s a ic .  However, i t  i s  i n t e r e s t i n g  t o  n o te  t h a t  S t a r i n g  
(1978) a s s o c i a t e s  t h e  woodland a r e a s  w i t h  s o i l s  hav ing  a 
s em i -ha rd  c a l c r e t e  l a y e r  a t  about  about  150 cm d e p th ,  w h i l e  no 
such l a y e r  i s  a s s o c i a t e d  w i t h  t h e  shrub  a r e a s .  Th is  i s  
c o u n t e r  to  an  e x p l a n a t i o n  o f f e r e d  by P r in c e  ( p e r s .  com .) ,  i n  
which Ç. mo pa ne t r e e  growth i n  t h e  Luangua V a l l e y  ( Zambia) was 
" . . . r e l a t e d  t o  t h e  dep th  of an im perv ious  l a y e r  i n  t h e  s o i l ;  
t h e  deepe r  t h e  f r e e - d r a i n i n g  m a t e r i a l  above t h i s  t h e  t a l l e r  
t h e  t r e e s . "  Cole (1960,  1982a) h a s  a l s o  su g g es ted  t h a t  a 
n e a r - s u r f a c e ,  im perv ious  l a y e r  cou ld  r e s t r i c t  or exclude t r e e  
growth (by cau s in g  w a te r  lo g g in g  of  t h e  s o i l  d u r in g  t h e  wet  
s eason )  in  savanna a r e a s .  The e x p l a n a t i o n ,  w i th  r e g a r d  t o  t h e  
s i t u a t i o n  d e s c r i b e d  by S t a r i n g  ( 1 9 7 8 ) ,  may be t h a t  t h e  
sem i -ha rd  c a l c r e t e  a c t u a l l y  improved s o i l  m o i s t u r e  c o n d i t i o n s  
i n  t h i s  i n s t a n c e .  S t a r i n g  n o t e s  t h a t  t h e  f i n e  sandy s o i l s  of 
t h e  _C. mo pane a r e a s  a r e  o f t e n  e x c e s s i v e l y  d r a i n e d .  Thus 
c a l c r e t e  may h e lp  t o  r e t a i n  r a i n  w a te r  and make i t  a v a i l a b l e  
f o r  t h e  development of a woodland c o v e r .  Th is  cou ld  a l s o
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account  f o r  th e  r e l a t i v e  s ucces s  of t h e  woodland a r e a s  i n  
t im es  of low r a i n f a l l .  The work of Cole and Le Roex (197 8) in  
Botswana and South West A f r i c a  (Namib ia ) ,  a l s o  i n d i c a t e s  t h a t  
c a l c r e t e  would n o t  form a b a r r i e r  to  n u t r i e n t  c i r c u l a t i o n .  A 
d e t a i l e d  s o i l  survey  would be r e q u i r e d  t o  see i f  t h i s  
e x p l a n a t i o n  i s  r e s p o n s i b l e  f o r  th e  a c t u a l  p a t t e r n  of 
v e g e t a t i o n  obse rved  a t  Moshu.
A n a ly s i s  of t h e  m u l t i  tempora l  L andsa t  d a t a  shows i t  has  a 
v a l u a b l e  r o l e  as  a source  of h i s t o r i c a l  i n f o r m a t i o n ;  
p r o v i d i n g  a to o l  fo r  t h e  study of t h e  development of 
v e g e t a t i o n  p a t t e r n s  i n  t ime and sp a c e .  I t  can be used t o  
m o n i to r  phenomenon such as f i r e  (or  f l o o d i n g ,  see s e c t i o n  
4 . 8 . 2 ( a ) ) ,  which may a f f e c t  v e g e t a t i o n  p a t t e r n s  and which  a r e  
' v i s i b l e '  t o  t h e  sen so r  system. However, t h e  r e s u l t s  a g a i n  
h i g h l i g h t  t h e  need f o r  adequa te  supplementa ry  d a t a  ( e s p e c i a l l y  
ground d a t a )  , t o  a i d  t h e  i n t e r p r e t a t i o n  of t h e  L an d s a t  d a t a .
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V I I  Conc lus ions  and recommendations
The r e s e a r c h  has  i n v e s t i g a t e d  th e  p o t e n t i a l  of L andsa t  
MSS d a t a  to  deve lop  a method of  t e r r a i n  a n a l y s i s  which i s  
s u i t a b l e  f o r  th e  type  o f  env i ro n m en ta l  c o n d i t i o n s  en co u n te red  
w i t h i n  th e  Okavango r e g i o n ;  a g e n e r a l l y  f l a t  and f e a t u r e l e s s  
l a n d s c a p e .  The method has  been  compared w i th  o t h e r  approaches  
to  t e r r a i n  a n a l y s i s ;  u s u a l l y  employing c o n v e n t io n a l  ( s t e r e o s c o p i c )  
a e r i a l  p ho tog raphy .
P r e l i m i n a r y  i n v e s t i g a t i o n  o f  t h e  MSS and a e r i a l  p h o to ­
g ra p h ic  d a t a  showed t h a t  a c l a s s i f i c a t i o n  b a s e d  on p h y s io g ra p h i c  
p a r a m e t e r s ,  p a r t i c u l a r l y  r e l i e f  and d r a in a g e  (used  i n  th e  
' l a n d  s y s t e m s '  approach  ( C h r i s t i a n  and S t e w a r t ,  1953) ,  and 
developments  of  t h i s  (MEXE, 1965;  M i n i s t r y  of  Overseas  Development,  
1 9 7 0 ) ) ,  would n o t  be a p p r o p r i a t e  f o r  an  a n a l y s i s  of  t e r r a i n  of  
t h e  Okavango r e g i o n .  I n s t e a d ,  t h e  u s e  o f  v e g e t a t i o n  p a r a m e t e r s ,  
i d e n t i f i e d  by th e  c h a r a c t e r i s t i c  r e f l e c t a n c e  r e s p o n s e  c u r v e s ,  
were r e c o g n i s e d  a s  p o t e n t i a l  i n d i c e s  of t e r r a i n  type s  d u r in g  
th e  p r e l i m i n a r y  a n a l y s i s  of  th e  r e m o te ly  sensed  d a t a .  The 
v a l u e  o f  v e g e t a t i o n  a s  an  index  had been  n o te d  by Cole  (1982b) , 
who emphasized t h a t  i t  r e f l e c t e d  " . . .  t h e  i n t e r p l a y  of  
c u r r e n t  c l i m a t i c  and edaph ic  c o n d i t i o n s ,  and t h e  l e g a c y  of  
p a s t  c l i m a t i c  and g e o l o g i c a l  e v e n t s . "  V e g e ta t i o n  may a l s o  be 
i n d i c a t i v e  of  c u r r e n t  and fo rm er  l a n d  u se  p r a c t i c e s .
The r e s u l t s  of  t h e  t e r r a i n  a n a l y s i s  and c l a s s i f i c a t i o n  
u s in g  t h e  L andsa t  MSS d a t a  ( t o g e t h e r  w i th  a d d i t i o n a l  d a t a  from 
a e r i a l  pho tography  and ground d a t a )  have shown t h a t  v e g e t a t i o n  
does  p r o v id e  a u s e f u l  b a s i s  f o r  e v a l u a t i o n  of  t e r r a i n  i n  t h e  
Okavango r e g i o n .  R e f l e c t a n c e  r e s p o n s e s  from v e g e t a t i o n  g e n e r a l l y
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dominated o v e r  t h a t  from o t h e r  t e r r a i n  components on the  
s u b - sc e n e s  of  t h e  L andsa t  imagery t h a t  were a n a l y s e d .  The main 
e x c e p t io n s  to  t h e  dominance of  v e g e t a t i o n  r e s p o n s e s ,  were from 
l a r g e  p a n s ,  w a te r  b o d ie s  and zones of  human s e t t l e m e n t .
The MSS d a t a  a l s o  p ro v id e d  in f o r m a t i o n  on d r a in a g e  
c o n d i t i o n s ,  edaph ic  and g e o l o g i c a l  f e a t u r e s ,  which cou ld  n o t  
be o b ta i n e d  from c o n v e n t i o n a l  a e r i a l  pho to g rap h y .
S e q u e n t i a l  L an d sa t  imagery p ro v id e d  d a t a  f o r  e v a l u a t i o n  
of  t h e  r o l e  of  s e a s o n a l i t y  and c l i m a t i c  f l u c t u a t i o n s  on th e  
r e f l e c t a n c e  r e s p o n s e s  of  th e  t e r r a i n .  S p e c i f i c  changes  i n  
re s p o n s e  were shown to  c o r r e s p o n d  to  p a r t i c u l a r  changes i n  
ground c o n d i t i o n s ;  f o r  example,  v a r i a t i o n  i n  th e  e x t e n t  of 
f l o o d i n g  of  'm o la p o ' f l o o d p l a i n  a r e a s ,  caused  by f l u c t u a t i o n s  
i n  annua l  p r e c i p i t a t i o n  over  t h e  Okavango D e l t a ' s  c a t c h m e n t ,  
c o u ld  be m o n i to re d .
The t e r r a i n  c l a s s i f i c a t i o n  p ro v id e d  a framework from 
which i t  was p o s s i b l e  t o  i d e n t i f y  s p e c i f i c  s i t e s  (on t h e  
b a s i s  of  c h a r a c t e r i s t i c  r e f l e c t a n c e s )  f o r  d e t a i l e d  i n v e s t ­
i g a t i o n  of  p a r t i c u l a r  r a n g e l a n d  r e s o u r c e  p rob lem s .  The 
c l a s s i f i c a t i o n  was a l s o  used  to  e s t a b l i s h  l i m i t s  f o r  t h e  
e x t r a p o l a t i o n  of  r e s u l t s  b a sed  on d e t a i l e d  s tu d y  w i t h i n  a 
p a r t i c u l a r  t e r r a i n  t y p e .
The s tudy  showed t h a t  a c l a s s i f i c a t i o n  b a s e d  p r i m a r i l y  
on v i s u a l  a n a l y s i s  and i n t e r p r e t a t i o n  o f  enhanced imagery 
p ro v id e d  the  b e s t  r e s u l t s .  Computer b a s e d  c l a s s i f i c a t i o n  
p ro c e d u re s  d id  n o t  p r o v id e  t h e  v e r s a t i l i t y  r e q u i r e d  to
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d i s t i n g u i s h  be tween many of t h e  ground components.  Computer 
based  methods d i f f e r e n t i a t e  between a r e a s  p u r e l y  on th e  b a s i s  
o f  r e f l e c t a n c e  v a l u e s ,  and u n l i k e  v i s u a l  a n a l y s i s ,  co u ld  n o t  
t a k e  i n t o  acc o u n t  o t h e r  f a c t o r s  such a s  t e x t u r e ,  shape  and 
s i z e  o f  f e a t u r e s  v i s i b l e  on the  im agery .  This  f i n d i n g  was 
c o n s i s t e n t  w i th  t h e  r e s u l t s  o b t a i n e d  by Cole and Owen-Jones 
(1977) f o r  a r e a s  of  complex n a t u r a l  t e r r a i n  in  Queens land ,  
A u s t r a l i a .
The t e r r a i n  c l a s s i f i c a t i o n  was employed to  s e l e c t  a r e a s  
of  s p e c i f i c  r e f l e c t a n c e  c h a r a c t e r i s t i c s  f o r  t h e  i n v e s t i g a t i o n  
of  p a r t i c u l a r  problems a s s o c i a t e d  w i th  t h e  u t i l i s a t i o n  of 
n a t u r a l  t e r r a i n  f o r  l i v e s t o c k  p r o d u c t i o n .  The r o l e  of  woody 
p l a n t s  as  a component o f  r a n g e l a n d  v e g e t a t i o n  was examined;  
th e  v a l u e  o f  woody v e g e t a t i o n  f o r  browse and shade ,  and th e  
problem of  'bush  enc roachm ent '  were e v a l u a t e d .  Ground su rvey  
( a t  T s e t s e k u  Ranch) i n d i c a t e d  th e  im por tance  ( i n  te rms of 
numbers)  of  good browse s p e c i e s  as  a component of  K a l a h a r i  
s a n d v e ld  v e g e t a t i o n .  Woody co v e r  d id  n o t  a p p e a r  t o  have a d i r e c t  
a f f e c t  on t h e  amount of  g r a s s  cove r  as  s u g g e s te d  by Van 
Rensburg (1971b) and APRU (1975) work ing  i n  Botswana,  a l t h o u g h  
woody v e g e t a t i o n ,  e s p e c i a l l y  th o rn y  s p e c i e s ,  d id  a p p e a r  to  
r e s t r i c t  th e  a c c e s s  of  l i v e s t o c k  t o  g r a z i n g .
R e l a t i o n s h i p s  be tween r e f l e c t a n c e  v a l u e s  and woody co v e r  
were e s t a b l i s h e d ,  which en ab led  t h e  L andsa t  MSS d a t a  t o  be 
used  f o r  mapping s p a t i a l  v a r i a t i o n  i n  woody co v e r  ( o t h e r  
r e l a t i o n s h i p s  which migh t  a f f e c t  th e  r e f l e c t a n c e  c h a r a c t e r i s t i c s  
of  woody v e g e t a t i o n  were a l s o  examined;  f o r  example ,  physiognomic
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d i f f e r e n c e s ) .  The s t r o n g e s t  r e l a t i o n s h i p  a h i g h l y  s i g n i f i c a n t  
n e g a t i v e  c o r r e l a t i o n  was found between woody cover  and MSS band 
5 v a l u e s  ( v i s i b l e  r ed  l i g h t ) .  The n e g a t i v e  c o r r e l a t i o n  appeared  
to r e s u l t  from a com bina t ion  o f  f a c t o r s  r e l a t e d  to  t h e  s p e c t r a l  
r e s p o n s e  c h a r a c t e r i s t i c s  o f  g reen  v e g e t a t i o n  and o f  t h e  v e ry  d ry ,  
l i g h t  c o lo u re d  s o i l s  e n c o u n te r e d  i n  t h e  K a l a h a r i  s an d v e ld  a r e a s .  
The r e l a t i o n s h i p  i s  dependent  on a s p e c i f i c  s e t  o f  env i ro n m e n ta l  
c i r c u m s ta n c e s  ; f o r  example,  t h e  s p e c t r a l  r e sp o n se  curves  o f  t h e  
s o i l s  would be a f f e c t e d  by changes i n  s u r f a c e  m o i s tu r e  c o n d i t i o n s .
O the r  v a r i a b l e s  examined,  such as d i f f e r e n c e s  i n  s p e c i e s  
com pos i t ion  andphysiognomy o f  woody v e g e t a t i o n ,  d i d  n o t  appea r  
to  a f f e c t  s i g n i f i c a n t l y  t h e  r e f l e c t a n c e  c h a r a c t e r i s t i c s  o f  
t h e  san d v e ld  t e r r a i n  w i t h i n  t h e  s tu d y  a r e a .  The i n v e s t i g a t i o n  
of  c o n t r a s t i n g  a r e a s  o f  Colophospermum mopane woodland and s h r u b -  
l a n d ,  i n d i c a t e d  t h a t  t h e  r a t i o  o f  woody cover  to  exposed  s o i l  
was more im p o r ta n t  t h a n  d i f f e r e n c e s  i n  growth form, even where 
t h i s  d i f f e r e n c e  i s  v e ry  marked.
The r e l a t i o n s h i p  be tween t h e  MSS band 5 v a l u e s  and woody 
cover  p ro v id e d  t h e  b a s i s  f o r  a c l a s s i f i c a t i o n  and mapping 
p r o c e d u r e .  A l i n e a r  r e g r e s s i o n  c a l c u l a t e d  from t h e  woody 
cover  and MSS band 5 d a t a ,  was used  to  p r e d i c t  c l a s s  r a n g e s .  
C l a s s i f i e d  images were g e n e r a t e d  by d e n s i t y  s l i c i n g  o f  t h e  
MSS d a t a .  The l e v e l s  o f  c l a s s i f i c a t i o n  accu racy  o b t a i n e d ,  were 
r e g a rd e d  as  a c c e p t a b l e  g iv e n  t h e  n a t u r e  o f  t h e  t e r r a i n  and t h e  
d i f f i c u l t i e s  i n h e r e n t  i n  o t h e r  methods o f  mapping cover  i n  an 
a r e a  o f  poo r  a c c e s s i b i l i t y .  The r e s u l t s  i n d i c a t e d  t h a t  t h e  
use o f  m u l t i s p e c t r a l  d a t a  can p ro v id e  an a d d i t i o n a l  d imension
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to  t h e  methods c u r r e n t l y  employed i n  t h i s  type  o f  su rvey  
( a e r i a l  pho tography  and ground s u r v e y ) .  The d i g i t a l  format 
g r e a t l y  i n c r e a s e d  t h e  r a p i d i t y  w i th  which  l a r g e  a r e a s  o f  
t e r r a i n  cou ld  be a c c u r a t e l y  c l a s s i f i e d  and mapped.
The f a c t  t h a t  i t  was p o s s i b l e  to i d e n t i f y  such  a s t r o n g  
r e l a t i o n s h i p  between a p a r t i c u l a r  ground phenomenon and 
r e f l e c t a n c e  v a l u e s ,  was a i d e d  by th e  a v a i l a b i l i t y  o f  con­
temporaneous L a n d s a t ,  a e r i a l  p h o t o g r a p h i c  and ground d a t a ,
The problems i n h e r e n t  i n  su rveys  which do n o t  have t e m p o ra l l y  
con t iguous  d a t a  were thus  e l i m i n a t e d .  Once a r e l a t i o n s h i p  has 
been e s t a b l i s h e d  u s in g  contemporaneous d a t a ,  i t  may w e l l  be  p o s s i b l e  
to  app ly  t h e  r e s u l t s  to  imagery  o f  d i f f e r i n g  d a t e s  f o r  which 
ground d a t a  i s  n o t  a v a i l a b l e .  There a r e  c l e a r l y  p r a c t i c a l  
l i m i t a t i o n s  to  th e  a c q u i s i t i o n  o f  contemporary d a t a  from d i f f e r e n t  
s o u r c e s .  L andsa t  d a t a  can s t i l l  p r o v id e  a v a l u a b l e  s o u rce  o f  
i n f o r m a t i o n ,  e s p e c i a l l y  when no o t h e r  d a t a  i s  a v a i l a b l e  as 
i s  t h e  case  f o r  many r e g io n s  i n  t h e  d e v e lo p in g  w o r ld .
The r e s u l t s  o f  th e  s tu d y  dem o n s t r a te  th e  p o t e n t i a l  v a l u e  
o f  t h e  L andsa t  MSS d a t a  f o r  a s p e c i f i c  r a n g e l a n d  e v a l u a t i o n  t a s k .
The ty pe  o f  r e l a t i o n s h i p s  i d e n t i f i e d ,  may w e l l  p r o v id e  th e  
b a s i s  f o r  t h e  s o l u t i o n  o f  o t h e r  problems o f  conce rn  i n  d ev e lo p in g  
c o u n t r i e s .  These i n c l u d e  v a r i o u s  en v i ro n m e n ta l  m o n i to r in g  and 
r e s o u r c e  management p rob lem s .  The r e l a t i o n s h i p  between th e  
r a t i o  o f  woody cover  to  exposed  s o i l ,  f o r  example ,  might  be  
a p p l i e d  to  m o n i to r in g  f u e l  wood r e s o u r c e s ,  t h e  s u b j e c t  o f  much 
concern  i n  p a r t s  o f  A f r i c a .
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Imagery from the  L andsa t  MSS sys tem and Themat ic  mapper 
and from th e  new g e n e r a t i o n s  o f  m u l t i s p e c t r a l  e a r t h  r e s o u r c e  
s a t e l l i t e s ,  f o r  example,  the  French  SPOT sys tem  (due to  be 
launched  in  O ctober  1985) ,  w i l l  p ro v id e  v i t a l  i n f o r m a t io n  f o r  
s e n s i b l e ,  s u s t a i n e d  u s e ,  management and c o n s e r v a t i o n  o f  r e s o u r c e s  
i n  d e v e lo p in g  c o u n t r i e s .
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Appendix A
Ground r e f e r e n c e  d a t a :  T s e t s e k u .
Ground r e f e r e n c e  d a t a  was g a t h e r e d  d u r in g  t h e  p e r io d  
A p r i l  t o  J u n e ,  19 83 , as  p a r t  of a s tudy  t o  e v a l u a t e  t h e  use of 
L an d sa t  MSS d a t a  f o r  t e r r a i n  a n a l y s i s  and r a n g e l a n d  
management.  The T s e t s e k u  s i t e  i n c lu d e d  t h e  K a l a h a r i  Sandveld 
and R i v e r i n e  Zone t e r r a i n  t y p e s .
A number of v e g e t a t i o n  t y p e s  were  i d e n t i f i e d  a t  t h e  s i t e  
( s e e  s e c t i o n )  w i t h i n  t h e  K a l a h a r i  Sandveld  t e r r a i n  t y p e .
a)  A cac ia  dominated d e p r e s s i o n s .
b) Mixed s p e c i e s  low t r e e  and sh rub  savanna .
c)  T e r m in a l i a  s e r i c e a  low t r e e  and sh rub  savanna .
d) T. s e r i c e a  /  mixed s p e c i e s  low t r e e  and sh rub  savanna .
e) D ic h o s ta c h y s  c i n e r e a  t h i c k e t s .
Data c o l l e c t i o n .
Data was c o l l e c t e d  a t  40 main sample s i t e s  (two 25 m x 10
m q u a d r a t s  pe r  s i t e ) .  A number of q u a d r a t s  were  s e t  up
s p e c i f i c a l l y  t o  p rov ide  cover  and p r o f i l e  d iagrams (30 m x 10 
m) . The p o s i t i o n  of  t h e  s i t e s  a r e  shown i n  f i g u r e  4 . 2 .  The
i n f o r m a t i o n  c o l l e c t e d  a t  each s i t e  i s  g iv e n  below,
a)  General  s i t e  d e s c r i p t i o n
-  Topography (T)
-  E ro s io n  (E)
-  Landuse (L)
b) S o i l  s u r f a c e  c h a r a c t e r i s t i c s
-  Colour  (C) (Munsell  c l a s s )
-  T e x tu re  (T)
-  S t r u c t u r e  (S)
-  L i t t e r  (L) (<10%*very low,10-20%=low,20-40%=medium,
40“ 60%*high,>60%=very h igh)
-  Bare ground (B) ( a s  f o r  l i t t e r )
-  M o is tu re  s t a t u s  (M)
c)  V e g e ta t io n
-  General  d e s c r i p t i o n  of t h e  s i t e  (V) (H e igh t  of t r e e  
and sh rub  l a y e r s ,  d e n s i t y  of v e g e t a t i o n ,  e t c . )
-  Basal  cover  (BC) 5cm i n t e r v a l  sampling on 2 x 25m 
l i n e  t r a n s e c t s  pe r  q u a d r a t .
-  T o ta l  t r e e s  and shrubs  per  q u a d r a t  (T) and (S)
-  S pec ies  com pos i t ion  (C) w i th  s u b - t o t a l s .
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S i t e  1 /  I n s i d e  paddock 2 a t  R
a) (T) l e v e l  (E) some d i s t u r b a n c e  from t r a m p l in g  (L) ranch
b) (C) lOYR 7 /1  l i g h t  grey (T) sandy (S) b r i t t l e  c r u s t  c . 0 . 5  -  1cm 
(L) very  low ( B) -  (M) Dry
c) (V) Open low shrub ,  mixed s p e c i e s ,  c . l  -  1 .5m h ig h .  Grass  s p a r s e  
and brown
Q uadra t  1 
(BC) 22 (4.4%)
(T) 0 
(S) 21
(C) Cro ton  g r a t i s s i m u s  4 
D ich o s tac h ys  c i n e r e a  1 
Aca c i  a s i e b e r a n a  1 
Rhus t e n u i n e r u s  4 
Grewia sp .  10 
U n i d e n t i f i e d  1 
Q uadra t  2 
(BC) 12 (2.4%)
(T) 1
(C) A cac ia  a r e n a r i a  1 
(S) 16
(C) Grewia sp .  7
2 .  gr a t i s s i m u s  1 
t e n u i n e r u s  3 
^  s i e b e r a n a  1 
A. a r e n a r i a  1 
Acacia  n i gr e s c e n s  1 
A1biz i a  a n t h e l m i n t i c s  1 
U n i d e n t i f i e d  1
S i t e  2 /  I n s i d e  paddock 2 be tween  R and P
a )  (T) l e v e l  (E) l i t t l e  d i s t u r b a n c e  (L) ranch
b) (C) 2.5Y 6/2  l i g h t  brownish grey (T) sandy (S) h a r d / b r i t t l e  c r u s t  
c . 0 . 5  -  1cm. (L) low ( B) -  (M) Dry
c) (V) dense t r e e s  and s h r u b s ,  T. s e r i c e a  /  mix. T rees  c .  4-6m h ig h ,  
shrubs  c.2-3m.  Grass  s p a r s e  and brown
Q uadra t  1 
(BC) 19 (3.8%)
(T) 7
(C) A. n i gr  e scens  4 
T . s e r i c e a  3 
(S)  15
(C) Grewia sp .  9
C.gr a t i s s i m u s  1 
A .n ig r e s c e n s  1 
Bosc ia  a l b i t r u n c a  1 
T . s e r i c e a  3 
Q uadra t  2 
(BC) 15 (3.0%)
(T) 6
(C) A .n i g r e s c e n s  3 
Grewia sp .  1 
A. s i e b e r a n a  1
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D. c i n e r e a  1 
(S) 14
(C) Grewia sp .  11 
A. e ru b es cen s  1 
t e n u i n e r u s  1 
D .c i n e r a  1
S i t e  3 /  I n s i d e  paddock 2 a t  P
a )  (T) g e n t l e  s lope  n ea r  c r e s t  of r i d g e  (E) l i t t l e  d i s t u r b a n c e  
(L) ranch
b) (C) lOYR 7 /2  l i g h t  grey (T) sandy (S)  b r i t t l e  c r u s t  0 .5 - l c m  
(L) low (B) -  (M) Dry
c) (V) open sh ru b la n d  (w i th  s c a t t e r e d  t r e e s  o u t s i d e  q u a d r a t s ) .  
Shrubs c.2m h ig h .  Some p a t c h e s  of  g r e e n  g r a s s  under p r o t e c t i v e
b u sh es .  Mixed s p e c i e s .
Q uadra t  1
(BC) 21 (4.2%)
(T) 1
(C) Grewia sp. 1
( s ) 32
(C) D. c i n e r e a 20
Grewia sp. 3
A. e ru b e s c e n s  5
Combr etum sp.  1
T . s e r i c e a 2
U n i d e n t i f i e d  1 
Quadra t  2 
(BC) 27 (5.4%)
(T) 0 
(S)  33
(C) C.gr a t i s s i m u s  1 
erube scens  1 
2 ' c i n e r e a  25 
2 -  t e n u i n e r u s  1 
Grewia sp .  1 
Tj s e r i c e a  2 
U n i d e n t i f i e d  1
S i t e  4 /  o u t s i d e  paddock 2 a t  P
a )  (T) l e v e l  (E) l o c a l i s e d  t r a m p l i n g  (L) common g r a z i n g
b) (C) lOYR 7 /2  l i g h t  grey (T) sandy (S)  b r i t t l e  c r u s t  c .0 .5cm
(L) low (B) h ig h  (M) Dry
c) (V) Open sh ru b la n d  ( s c a t t e r e d  t r e e s  o u t s i d e  q u a d r a t s ) .  Shrubs c . l . 5 
-  2.5m h ig h .  Mixed s p e c i e s .  Grass  s p a r s e  and brown.
Q uadra t  1 
(BC) 7 (1.4%)
(T) 0 
(S)  16
(C) Grewia sp .  7 
D .c i n e r e a  3 
Combretum sp.  1
C.gr a t i s s i m u s  2 
R . t e n u i n e r u s  2
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U n i d e n t i f i e d  1 
Quadra t  2 
(BC) 14 (2.8%)
(T) 0 
(S)  28
(C) Grewia sp.  14 
D .c i n e r e a  2 
Combretum sp.  9 
R . t e n u i n e r u s  4 
Ç . gr a t i s s i m u s  1
S i t e  5 /  o u t s i d e  paddock 2 a t  Q
a) (T) l e v e l  (E) l o c a l i s e d  t r a m p l i n g  (L) common g r a z i n g
b) (C) lOYR 7 /1  l i g h t  grey (T) sandy (S )  b r i t t l e  c r u s t ,  w i th  lo o s e
sand i n  p a t c h e s .  (L) very  low ( B) very high (M) Dry
c)  (V) Shrubs and s c a t t e r e d  t r e e s  i n  a d e p r e s s i o n  between r i d g e s .
Shrubs c . l . 5 - 2 . 5m h ig h .  Grass  s p a r s e  and brown. Colophospermum
mopane s e e d l i n g s  p r e s e n t  i n  t h e  ground l a y e r .
Quadra t  1 
(BC) 5 (1.0%)
(T) 1
(C) A cac ia  f l e c k i i  1 
(S)  20
(C) Grewia sp .  3 
2* a l b i t r u n c a  1
C.mopa ne 6 
2-  t e n u i n e r u s  1 
_A. erube scens  2 
A . t o r t i l e  i s  3 
A.m e l l i f e r a  6 
Quadra t  2 
(BC) 4 (0.8%)
(T) 1
( C) _A. erube scens  1
(S) 30
(C) A . e ru b e s c e n s  4 
A . t o r t i l  i s  2
C.mopa ne 18 
Grewia sp .  1
D . c i n e r e a  2 
A.m e l l i f e r a  2 
U n i d e n t i f i e d  1
S i t e  6 /  I n s i d e  paddock 2 a t  Q
a) (T) l e v e l  (E) No ev idence  of d i s t u r b a n c e  (L) ranch
b) (C) lOYR 7 /1  l i g h t  grey (T) sandy (S) b r i t t l e  c r u s t  c .  0.5cm 
(L) low/medium (B) medium (M) Dry
c) (V) Open s h ru b la n d  t u r n i n g  r a p i d l y  i n t o  dense s h ru b la n d ,  q u a d r a t  1 
w i t h i n  f i r s t  zone and 2 in  t h e  second.  Dense a r e a  i s  a zone of
T. s e r i c e a  a t  t h e  base of a r i d g e  (T. s e r i c e a  becomes more dense 
up s l o p e ) .  Grass  s p a r s e  and brown.
Q uadra t  1 
(T) 0
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(S) 21
(C) D . c i n e r e a 13
A . m e l l i f e r a  2
A. e ru b es cen s  1
T . s e r i c e a 5
Quadra t  2
(BC) 6 (1.2%)
(T) 0
(S)  32
(C) D . c i n e r e a 13
T. s e r i c e a 18
U n i d e n t i f i e d  1 
S i t e  7 /  i n s id e  paddock 2 a t  A
a)  (T) l e v e l  (E) no ev idence  of d i s t u r b a n c e  (L) ranch
b) (C) lOYR 7 /2  l i g h t  grey (T) sandy (S)  Hard c r u s t  c . l cm  (L) medium 
( B) medium/high (M) Dry
c) (V) Open s h ru b la n d  w i th  t r e e s  i n  d e p r e s s i o n .  Shrubs c.  1 - 1 . 5m high 
and t r e e s  c.  4-5m h ig h .  Grass  brown, and p r o v i d i n g  l i t t e r .
Quadra t  1 
(BC) 18 (3.6%)
(T) 3
(C) A. erube scens  2 
A. t o r t i i ^ i s  1 
(S)  17
(C) Ç .mopane 3
Grewia sp .  11 
R . t e n u i n e r u s  1 
t o r t i l ^ i s  1 
^  erube scens  1 
Quadra t  2 
(BC) 21 (4.2%)
(T) 3
(C) A . t o r t i l  i s  1 
A.m e l l i f e r a  1 
U n i d e n t i f i e d  1 
(S)  14
(C) Grewia sp .  8
R . t e n u i n e r u s  2 
A . m e l l i f e r a  1 
D .c i n e r e a  2 
U n i d e n t i f i e d  1
S i t e  8 /O u t s id e  paddock 2 a t  A
a)  (T) l e v e l  (E) t r a m p l i n g  over  whole  a r e a  (L) common g r a z i n g
b) (C) lOYR 7 /2  l i g h t  grey (T) sandy (S )  h a r d  c r u s t  c .0 .5cm (L) low
(B) h ig h  (M) Dry
c) (V) Open sh ru b la n d  and t r e e s  w i t h  s c a t t e r e d  dense p a t c h e s .  A cacia  
d e p r e s s i o n ,  shrubs  c . l - 2 m  high w i t h  t r e e s  of  c.4m. Grass  s p a r s e  and brown 
Q uad ra t  1
(BC) 7 (1.4%)
(T) 2 ^
(C) A . t o r t i l  i s  1
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Acacia  l u e d e r i t z i i  1 
(S) 14
( c )  R . t e n u i n e r u s  2 
Grewia sp .  9 
A. erube scens  2 
A.* t o r t i l l i s  1 
Quadra t  2 
(BC) 1 (0.2%)
(T) 2
(C) A. t o r t i l ^ i s  2 
(S) 9
( c )  R . t e n u i n e r u s  2 
JT. s e r i c e a  1 
Grewia sp .  2 
s i e b e r a n a  2 
A* t o r  t i l ^ i s  2
S i t e  9 /  I n s i d e  paddock 2 m id -p o in t  between A and E
a)  (T) l e v e l  (E) l o c a l i s e d  t r a m p l i n g  (L) ranch
b) (C) lOYR 6 /2  l i g h t  brownish  grey (T) sandy (S) b r i t t l e  and broken  
c r u s t  (L) medium/low ( B) medium (M) Dry
c) (V) Medium t o  dense sh ru b la n d  w i t h  s c a t t e r e d  t r e e s  of c .  5-6m high 
Mixed sh rub  ty p e s  of  c .  2.5m h i g h . G ra s s  brown and f a i r l y  s p a r s e .  
Quadra t  1
(BC) 20 (4.0%)
(T) 1
(C) A . t o r t i l  i s  
(S) 29
(C) B .a l b i t r u n c a  2 
Grewia sp .  9 
R . t e n u i n e r u s  1 
D .c i n e r e a  7 
Combretum sp .  4 
Ç .gr a t i s s i m u s  4 
A. e ru b e s c e n s  1 
u n i d e n t i f i e d  1 
Q uadra t  2 
(BC) 19 (3.8%)
(T) 0 
(S)  25
(C) Grewia sp .  13 
D . c i n e r e a  6 
2 . a l b i t r u n c a  3
C. g r a t i s s i m u s  1 
R . t e n u i n e r u s  2
S i t e s  10 /11 /12  i n s i d e  paddock 1, 'm o l a p o '  g r a s s l a n d  be tween B and 
C, a t  C.1300 p aces  from B. At 100,200 and 300 p ace s  from fen ce  l i n e  
r e s p e c t i v e l y .
a)  (T) l e v e l  (E) no d i s t u r b a n c e  no ted  (L) r an ch
b) (C) lOYR 3 / 1  very  d a rk  g rey ,  w i th  p a t c h e s  of  lOYR 6 /1  l i g h t  grey 
(T) sandy (w i th  f i n e  o r g a n ic  m a t e r i a l )  (S)  compacted s u r f a c e
(L) medium ( f i n e  m a t e r i a l ) .  ( B) low/medium (M) Dry
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c) (V) Open f l o o d p l a i n  g r a s s l a n d  (w i th  open p a rk la n d  a t  edge) s c a t t e r e d  
t r e e s  and shrubs  on r a i s e d  mounds above l e v e l  of f l o o d i n g .
Grass  g reen  and low c.  3 -4cm.
S i t e  10 
Quadra t  1 
(BC) 42 (8.4%)
(T) 0 
(S) 0 
Quadra t  2 
(BC) 46 (9.2%)
(T) 0 
(S)  0 
S i t e  11 
Quadra t  1 
(BC) 48 (9.6%)
(T) 1
(C) A. t o r t i l ^ i s  1 
(S) 0 
Quadra t  2 
(BC) 44 (8.8%)
(T) 0 
(S) 0 
S i t e  12 
Quadra t  1 
(BC) 28 (5.6%)
(T) 4
(C) Combretum sp.  4 
(S)  0 
Quadra t  2 
(BC) 27 (5.4%)
(T) 2
(C) A . t o r t i l ^ i s  1 
U n i d e n t i f i e d  1 
(S )  0
S i t e  13 /  i n s i d e  paddock 3 a t  500 p a c e s  from E towards C
a )  (T) l e v e l  (E) l a rg e  amount of d i s t u r b a n c e  from t r a m p l i n g  
(L) ranch
b) (C) lOYR 8 /1  w h i te  (T) sandy (S)  loose  sand over  c r u s t  (L) very  low
(B) very high (M) Dry
c) (V) Mixed s p e c i e s  of  s c a t t e r e d  s h r u b s .  Grass  g r e e n  i n  p a t c h e s .
Shrubs c . l - 3 m  h ig h .
Quadra t  1 
(BC) 11 (2.2%)
(T) 0 
(S)  15
(C) P luchea  sp.  3 
R . t e n u i n e r u s  3 
Grewia sp .  6
A . t o r t i l  i s  2
A.m e l l i f e r a  1
2 .  gr a t i s s i m u s  1 
Quadra t  2 
(BC) 12 (2.4%)
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(T) 0 
(S) 12
(C) D . c i n e r e a  3 
P luchea  sp .  3
B. a l b i t r u n c a  1 
t o r  t i l ' l ' i s " 2
A. erube scens  1 
2» t e n u i n e r u s  2
S i t e  14 /  I n s i d e  paddock 3 a t  700 p a c e s  from E towards C
a )  (T) l e v e l  (E) no ev idence  of d i s t u r b a n c e  (L) ranch
b) ( c )  lOYR 8 / 1  w hi te  (T) sandy ( S)  loose  v e n e e r  of sand o ve r  c r u s t  
(L) low (B) medium/high (M) Dry
c) (V) S c a t t e r e d  shrubs  and t r e e s .  Grass  g reen  i n  p a t c h e s .  Mixed 
s p e c i e s  a r e a .
Q uadra t  1 
(BC) 11 (2.2%)
(T)  0 
(S)  19
(C) P luche a  sp.
_2. a l b i t r u n c a  1 
R. t e n u i n e r u s  2 
Grewia sp.  5 
2 » gr a t i s s i m u s  9 
Quadra t  2 
(BC) 13 (2.6%)
(T) 1
( C ) A_. m e l l i f  e r a  1
(S) 23
(C) Grewia sp .  9 
P luchea  sp.  4 
R . t e n u i n e r u s  2
C.gr a t i s s i m u s  3
B.a l b i t r u n c a  3 
A . t o r t i l ^ i s  1 
A.m e l l i f e r a  1
S i t e  1 5 /  o u t s i d e  paddock 4 a t  M
a )  (T) l e v e l  (E) L o c a l i s e d  t r a m p l i n g  (L) common g r a z i n g
b) (C) lOYR 7 /2  l i g h t  grey (T) sandy (S )  v enee r  of sand over  b r i t t l e  
Crus t  (L) low ( B) medium/high (M) Dry
c) (V) Open sh ru b la n d  w i t h  s c a t t e r e d  t r e e s .  Shrubs c.2m h igh .  Grass  
brown and d ry .
Q uadra t  1 
(BC) 11 (2.2%)
(T) 3
(C) B. a l b i t r u n c a  1
A.a n t h e l m i n t i c a  1 
U n i d e n t i f i e d  1 
(S) 15
( C) e ru b escen s  2
Grewia sp .  6 
R . t e n u i n e r u s  2
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D .c i n e r e a  4 
U n i d e n t i f i e d  1 
Quadra t  2 
(BC) 12 (2.4%)
(T) 0 
(S) 14
(C) Grewia sp.  4 
D .c i n e r e a  6 
A .m e l l i f e r a  2 
U n i d e n t i f i e d  2
S i t e  16 /  i n s i d e  paddock 4 a t  M
a )  (T) l e v e l  (E) no v i s i b l e  s i g n s  of  d i s t u r b a n c e  (L) ranch
b) (C) lOYR 7 /2  l i g h t  grey (T) sandy (S) f i n e  v e n e e r  of sand over  
b r i t t l e  c r u s t  c ,  0,5cm, (L) low ( B) medium/high (M) Dry
c) (V) F a i r l y  open s h ru b la n d  w i t h  a few t a l l  t r e e s  (c .6 -8m  h i g h ) .  
Shrubs c . l . 5 - 2 . 5m h ig h .  Grass  dry and brown.
Quadra t  1 
(BC) 16 (3.2%)
(T) 1
(C) A . t o r t i l l i s  1 
(S)  14
(C) D . c i n e r e a  5 
A. erube  scens  1 
Grewia sp .  2
A .a n t h e l m i n t i c a  5 
U n i d e n t i f i e d  1
Quadra t  2 
(BC) 15 (3.0%)
(T) 2
(C) A . a n t h e l m i n t i c a  2 
(S) 13
(C) Grewia sp.  7
B .a l b i t r u n c a  2 
R . t e n u i n e r u s  1 
U n i d e n t i f i e d  3
S i t e  17 /  I n s i d e  paddock 4 midway between M and 0
a )  (T) l e v e l  (E) no ev idence  of d i s t u r b a n c e  (L) ranch
b) (C) lOYR 6 /1  l i g h t  grey (T) sandy (S)  ven ee r  of sand ove r  a t h i n  
. c r u s t  (L) low (B) medium (M) Dry
c) (V) S c a t t e r e d  mixed shrubs  w i t h  a few t r e e s .  Shrubs c.  l -2m  h igh .  
Quadra t  1
(BC) 20 (4.0%)
(T) 0 
(S) 20
(C) D .c i n e r e a  5 
Grewia sp.  5 
A. f l e c k i i  2 
e ru b e s c e n s  2 
U n i d e n t i f i e d  4 
Quadra t  2 
(BC) 19 (3.8%)
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(T) 0 
(S) 18
(C) D .c i n e r e a  
Grewia sp .  5 
A. f l e c k i i  2 
A_. erube scens  2 
U n i d e n t i f i e d  4
S i t e  19 /  o u t s i d e  ranch  a t  T
a)  (T) l e v e l  (E) l o c a l i s e d  t r a m p l i n g  (L) common g r a z i n g
b) (C) lOYR 7 /2  l i g h t  grey (T) sandy (S)  t h i n  v e n e e r  of sand over  
c r u s t  (L) low ( B) medium (M) Dry
c) (V) R e l a t i v e l y  dense s h ru b la n d  w i t h  s c a t t e r e d  t r e e s .  Shrubs
c.  2 - 2 . 5m h ig h .  Green g r a s s  p r o t e c t e d  by th o r n  b u s h e s .  T . s e r i c e a / 
mix.
Quadra t  1 
(BC) 6 (1.2%)
(T) 0
(S)  21
(C) Grewia sp.  8 
D. c i n e r e a  3 
A^. e ru b e s c e n s  3 
A . t o r t i l l i s  1 
t e n u i n e r u s  4 
T . s e r i c e a  2 
Quadra t  2 
(BC) 5 (1.0%)
(T) 0 
(S)  23
(C) A. e ru b es cen s  3 
D . c i n e r e a  2
A.m e l l i f e r a  2 
Grewia sp .  12 
R . t e n u i n e r u s  1 
%. s e r i c e a  3
S i t e  20 /  I n s i d e  paddock 4 a t  K i n s i d e  paddock 4
a )  (T) l e v e l  (E) some d i s t u r b a n c e  by t r a m p l i n g  (L) r a n c h
b) (C) lOYR 6 /1  ( l i g h t )  g rey  (T) sandy (S)  t h i n  v e n e e r  of sand over  
c r u s t  c .0 .5cm .  (L) low (B) h ig h  (M) Dry
c)  (V) S c a t t e r e d  shrubs  and t r e e s .  Shrubs c.  1 - 2 .5m h ig h .  Grass  g reen  
under  p r o t e c t i v e  cover  of t h o r n  b u sh es .  P luchea  sp .  p r e s e n t ,  but  
s m a l l .
Quadra t  1 
(BC) 16 (3.2%)
(T) 0 
(S) 14
(C) B.a l b i t r u n c a  1
A .a r e n a r i a  6 
Grewia 1 
JO. c i n e r e a  4
A . m e l l i f e r a  1
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U n i d e n t i f i e d  1 
Quadra t  2 
(BC) 15 
(T) 0 
(S) 13
(C) Grewia sp.  4 
R . t e n u i n e r u s  1
B. a l b i t r u n c a  1 
P luchea  sp.  1 
D . c i n e r e a  1
A. a r e n a r i a  4
C.mopane 1
S i t e  21 /  I n s i d e  paddock 4 a t  F
a )  (T) l e v e l  (E) no ev idence  of d i s t u r b a n c e  (L) ranch
b) (C) lOYR 7 /1  l i g h t  grey (T) sandy (S)  t h i n  v e n e e r  of sand over  
t h i n  c r u s t  (L) low ( B) very  h igh (M) Dry
c)  (V) Low s p a r s e  shrubs  and s c a t t e r e d  t r e e s .  Shrubs c . l . 5 - 2 m  high,  
Grass  brown and d ry ,  g reen  s p a r s e  under t h o r n  bushes .
Quadra t  1 
(BC) 8 (1.6%)
(T) 0 
(S)  25
(C) Grewia sp.  7
D .c i n e r e a  6
R . t e n u i n e r u s  3
B,a l b i t r u n c a  3
A. erube  scens  5 
U n i d e n t i f i e d  1
Q uadra t  2 
(BC) 16 (3.2%)
(T) 0 
(S)  14
(C) Grewia sp .  5
A. t o r t i l l i s  4 
R . t e n u i n e r u s  3
B.a l b i t r u n c a  2
S i t e  22 /  i n s i d e  paddock 3 a t  t h e  m i d - p o i n t  between E and F
a )  (T) l e v e l  (E) no ev idence  of d i s t u r b a n c e  (L) ranch
b) (C) lOYR 7 / 2  l i g h t  grey (T) sandy (S)  loose  sand (L) low
(B) medium/high (M) Dry
c)  (V) Open sh ru b la n d  w i t h  t r e e s .  T ree s  c.  7-8m h ig h ,  shrubs  2-3m. 
G rass  cover  pa tchy  but  g re e n .  T . s e r i c e a  a r e a .
Quadra t  1 
(BC) 3 (0.6%)
(T) 1
(C) A . a r e n a r i a  1 
(S) 15
(C) Grewia sp .  4 
T . s e r i c e a  5 
Combretum sp.  1
B . a l b i t r u n c a  2
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D. c i n e r e a  1 
A cacia  a t a x a c a n t h a  2 
Quadra t  2 
(BC) 10 (2.0%)
(T) 4
(C) T . s e r i c e a  2
A .a r e n a r i a  1
B. a l b i t r u n c a  1
(S) 15
(C) Grewia sp .  6
A . a t a x a c a n t h a  4 
Cotnbretum sp.  1
B. a l b i t r u n c a  1 
T . s e r i c e a  3
S i t e  23 /  I n s i d e  paddock 4 between S and 0,  a t  c o rn e r  of 51 and 17ha 
s t o c k i n g  t r i a l  a r e a s .
a) (T) l e v e l  (E) t r a m p l i n g  (L) ranch
b) (C) lOYR 7 /2  l i g h t  grey (T) sandy (S) h a rd  c r u s t  (L) low (B) medium 
( m) Dry
c) (V) Low shrubs  w i t h  s c a t t e r e d  t r e e s .  Shrubs c.2m h ig h .  Patchy 
g reen  g r a s s .
Quadra t  1 
(BC) 10 (2.0%)
(T) 1
( C) ^  e ru b e s c e n s  1
(S)  21
( C) 2* c inerea  1
R . t e n u i n e r u s  1 
Grewia sp.  19 
Quadra t  2 
(BC) 12 (2.4%)
(T) 1
(C) A. an th  el  mint  i  ca.
(S) 15
(C) Grewia sp.  6 
D_. c i n e r e a  3 
T . s e r i c e a  3 
Combretum sp .  3
S i t e  24 /  I n s i d e  paddock 4 be tween 0 and S, a t  c o rn e r  of 34 and 51ha 
s to c k i n g  t r i a l  a r e a s .
a )  (T) l e v e l  (E) no ev idence  of d i s t u r b a n c e  (L) r an ch
b) (C) lOYR 7 /2  l i g h t  grey (T) sandy (S) venee r  of lo o s e  sand ove r  
c r u s t  c .0 .5cm .  (L) low (B) medium (M) Dry
c) (V) Dense shrub  w i t h  s c a t t e r e d  t r e e s .  Shrubs c,2m h ig h .  Grass  g r e e n  
i n  p a t c h e s .
Quadra t  
(BC) 9 (1.8%)
(T) 0 
(S) 26
(C) Grewia sp .  12 
T. s e r i c e a  1
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2» c i n e r e a  12 
R . t e n u i n e r u s  1 
Quadra t  2 
(BC) 9 (1.8%)
(T) 1
(C) T . s e r i c e a  1 
(S )  20
(C) Grewia sp.  11 
A .a r e n a r i a  2 
T. s e r i c e a  2
A. erube scens  1 
D .c i n e r e a  2
2» t e n u i n e r u s  1 
Combr e t \m sp.  1
S i t e  25 /  O u t s id e  ranch  a t  800 p aces  a lo n g  o u t l i n e  t o  Maun from N
a)  (T) l e v e l  (E) heavy t r a m p l in g  (L) common g ra z i n g
b) (C) lOYR 6 /2  l i g h t  brownish grey (T) sandy (S) loose  sand (L) medium 
/ h i g h  (B) low (M) Dry
c) (V) Open s h ru b la n d  w i t h  s c a t t e r e d  t r e e s .  Shrubs c . l  .5m h igh .  Grass  
brown and dry
Q uadra t  1 
(BC) 10 (2.0%)
(T) 0 
(S)  25
( C) _A• e ru b e s c e n s  3 
D .c i n e r e a  8
B. a l b i t r u n c a  1
A. a n t h e l m i n t i c a  1 
Grewia sp .  11 
R . t e n u i n e r u s  1 
Quadra t  2 
(T) 2
( C ) _A. a n t h e l m i n t i c a  1 
2 ,  a l b i  t r u n c a  1 
(S)  20
(C) Grewia sp .  8 
D .c i n e r e a  12
S i t e  26 /  O u ts id e  ' b u l l  camp' a t  N
a )  (T) l e v e l  (E) l o c a l i z e d  t r a m p l i n g  (L) common g r a z i n g
b) (C) lOYR 7 /3  (T) sandy (S) loose  sand over  ve ry  t h i n  c r u s t  
(L) medium/high ( B) low (M) Dry
c)  (V) S c a t t e r e d  shrubs  and t r e e s .  T rees  c.5-7m h i g h , shrubs  c . 1 . 5 -  
2m h ig h .  Grass  dry and brown.
Quadra t  1 
(BC) 6 (1.2%)
( 1 ) 4
(C) Lonchocarpus n e l s i i  4 
(S)  11
(C) T . s e r i c e a  2 
Grewia sp.  4
D . c i n e r e a  5
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Quadra t  2 
(BC) 7 (1.4%)
(T) 1
(C) B. a l b i t r u n c a  1 
(S) 14
(C) Grewia sp .  6
A. erube  scens  1
D. c i n e r e a  3
T. s e r i c e a  4
S i t e  27 /  I n s i d e  ' b u l l  camp' a t  N
a)  (T) l e v e l  (E) L o c a l i s e d  t r a m p l i n g  (L) ranch
b) (C) lOYR 7 /2  (T) sandy (S) loose  sand over  b r i t t l e  c r u s t  (L) medium
( B) medium (M) Dry
c) (V) S c a t t e r e d  shrubs  and t r e e s .  T rees  c.  5-7m h ig h ,  shrubs  c.  1 . 5 -  
2m h ig h .  Grass  brown and d ry .
Quadra t  1 
(BC) 14 (2.8%)
(T) 4
(C) _A . t o r t i l l i s  2 
L . n e l s i i  1
B. a l b i t r u n c a  1
(S) 12
(C) Grewia sp .  9 
T. s e r i c e a  3 
Quadra t  2 
(BC) 6 (1.2%)
(T) 3
( C) 2* f l e c k i i  1
B. a l b i t r u n c a  1 
A_. t o r t i l l i s  1 
(S) 12
(C) Grewia sp .  4 
A. e ru b e s c e n s  1 
Combretum sp .  1 
R . t e n u i n e r u s  1 
A . t o r  t i l  . i s  2 
A* f l e c k i i  1
S i t e  28 /  I n s i d e  e a s t e r n  ' b u l l  camp' a t  L
a) (T) l e v e l  (E) no ev idence  of d i s t u r b a n c e  (L) r an ch
b) (C) lOYR 7 /1  l i g h t  grey (T) sandy (S )  b r i t t l e  c r u s t  (L) medium/ 
h igh  (B) medium/low (M) Dry
c) (V) S c a t t e r e d  sh rubs  and t r e e s .  Shrubs c.  1 .5-2m h ig h ,  t r e e s  
c .  5m. Grass  dry w i th  few s c a t t e r e d  g r e e n  clumps.
Quadra t  1 
(BC) 19 (3.8%)
(T) 1
(C) T . s e r i c e a  
(S) 14
(C) Grewia sp .  3 
A .e r u b e s c e n s  3 
T . s e r i c e a  4
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D .c i n e r e a  4 
Quadra t  2 
(BC) 17 (3.4%)
(T) 4
(C) T . s e r i c e a  4 
(S)  9
(C) T . s e r i c e a  3 
Grewia sp.  1
D .c i n e r e a  3 
R . t e n u i n e r u s  1 
U n i d e n t i f i e d  1
S i t e  29 /  I n s i d e  w e s t e r n  ' b u l l  camp' a t  L
a) (T) l e v e l  (E) no ev idence  of d i s t u r b a n c e  (L) r an ch
b) (C) lOYR 7 /2  l i g h t  grey (T) sandy (S)  loose  sand over  b r i t t l e  c r u s t  
(L) medium/low ( B) medium (M) Dry
c) (V) Open s h ru b lan d  w i t h  s c a t t e r e d  t r e e s .  Shrubs c . l . 5 - 2 m  h ig h ,  
w i th  P luchea  sp.. i n  ground l a y e r .  Grass  dry excep t  few s c a t t e r e d  
clumps of  g re e n .
Quadra t  1 
(BC) 12 (2.4%)
(T) 0 
(S) 15
(C) D . c i n e r e a  1 
Grewia sp.  9 
A. e ru b e s c e n s  1 
Combretum sp .  2 
U n i d e n t i f i e d  2 
Quadra t  2 
(BC) 13 (2.6%)
(T) 0 
(S )  22
(C) D . c i n e r e a  12 
A. t o r t i l l i s  1 
Grewia sp .  6
A. erube scens  3
S i t e  30 /  O u t s id e  ranch  a t  2500 p a c e s  from Q, sou th  a long  o u t l i n e .
a)  (T) l e v e l  (E) Tram pling  over  whole a r e a  (L) common g r a z i n g
b) (C) lOYR 7 /2  l i g h t  grey (T) sandy (S )  loose  sand o v e r  b r i t t l e  c r u s t
(L) low ( B) h ig h  (M) Dry
c) (V) S c a t t e r e d  shrubs  and t r e e s .  Shrubs c.2-3m h ig h ,  t r e e s  c .4-5m.
Quadra t  1
(BC) 6 (1.2%)
(T) 1
(C) A. e ru b e s c e n s  1 
(S) 12
(C) B. a l  b i t r u n c a  2 
Grewia sp .  6 
U n i d e n t i f i e d  5 
Q uadra t  2 
(BC) 3 (0.6%)
(T) 1
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(C) L . n e l s i i  1 
(S) 16
(C) A . erube scens  3 
R . t e n u i n e r u s  1 
Grewia sp .  5
B.a l b i  t runca  2 
U n i d e n t i f i e d  5
S i t e  3 1 /  O u ts ide  ranch  a t  1100 p a c e s  from Q, sou th  a long  o u t l i n e .
a)  (T) l e v e l  (E) l o c a l i s e d  t r a m p l i n g  (L) common g r a z i n g
b) (C) lOYR 7 /1  (T) sandy (S) loose  sand over  c.O .5cm c r u s t  (L) medium/ 
low (B) medium/high (M) Dry
c) (V) S c a t t e r e d  shrubs  and v e r y  s c a t t e r e d  t r e e s .  Shrubs c . l  .5-2m h ig h .  
Grass  dry and brown.
Quadra t  1 
(BC) 6 (1.2%)
(T) 0 
(S)  7
(C) Grewia sp.  2
D . c i n e r e a  1
C.gr a t i s s i m u s  2 
A . t o r t i l w i s  2
Quadra t  2 
(BC) 4 (0.8%)
(T) 1
( C) A_« t o r t i l l i s
(S) 15
(C) C.gr a t i s s i m u s  6
D . c i n e r e a  1 
A.m e l1 i f e r a  
A . t o r t i l l i s  1 
Grewia sp .  2 
U n i d e n t i f i e d  3
S i t e s  32 33 34 /  O u t s id e  ranch  a t  H, a t  100 ,250,3  50 p a c e s  from H, on 
an  e x t e n s i o n  of t h e  l i n e  H -  I .
a)  (T) l e v e l  ( s l i g h t  d e p r e s s i o n  a t  s i t e  3 2) (E) no ev idence  of 
d i s t u r b a n c e ,  smal l  amount of t r a m p l i n g  a round  32 .  (L) common g r a z i n g
b) (C) lOYR 5 . 5 / 1  g r e y ( 3 2 ) ,  lOYR 4 / 1  d a r k  grey (3 3 ,3 4 )  (T) sandy 
w i th  f i n e  o rg a n ic  m a t e r i a l  (S)  lo o s e  sand (L) h ig h  -  very  high
(B) low -  very low (M) Dry
c) (V) Open f l o o d p l a i n  g r a s s l a n d  w i t h  s edges .  S t a l k s  up t o  1.5m t a l l .  
G rass  f a i r l y  g r e e n  , b u t  t u r n i n g  brown.
S i t e  32
Quadra t  1 
(BC) 32 (6.4%)
Quadra t  2 
(BC) 34 (6.8%)
S i t e  33
Quadra t  1 
(BC) 42 (8.4%)
Quadra t  2 
(BC) 37 (7.4%)
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S i t e  34
Quadrat  1 
(BC) 39 (7.8%)
Quadrat  2 
(BC) 37 (7.4%)
S i t e s  35 36 37 /  Area of bush c l e a r a n c e  i n  paddock 1. Along l i n e  
E -  A, a t  200 ,500 ,800  p ace s  from E.
S i t e  35
a) (T) g e n t l y  s l o p in g  (E) Trampling  ove r  whole s i t e  (L) ranch
b) (C) lOYR 6 /2  l i g h t  brownish grey (T) sandy (S) loose  sand (L) medium 
/ low ( B) medium/high (M) Dry
c) (V) Open ground,  s e e d l i n g s  of  common s p e c i e s ,  few l a r g e  woody 
p l a n t s .  Grass and brown.
Quadra t  1 
(BC) 3 (0.6%)
(T) 0 
(S)  3
( C ) t o r t i l ^ i s  1
A. erube  scens  1
C. mo pa ne 1 
Quadra t  2 
(BC) 9 (1.8%)
(T) 0 
(S) 0
S i t e  36
a) (T) l e v e l  (E) t r a m p l i n g  ove r  whole a r e a  (L) ranch
b) (C) lOYR 7 /3  very  p a l e  brown (T) sandy (S)  loose  sand (L) low
(B) h ig h  (M) Dry
c) (V) Very open,  a few s c a t t e r e d  s h r u b s .  Grass  poor and d ry .  A l l
shrubs  <lm h ig h .
Quadra t  1 
(BC) 7 (1.4%)
( I )  0 
(S)  4
(C) A. erube scens  1 
A. t o r t i l w i s  1
A.m e l l i f  e r a  1
Grewia sp .  1 
Quadra t  2 
(BC) 4 (0.8%)
(T) 0 
(S) 4
(C) D . c i n e r e a  1
A. t o r t i l w i s  1 
Grewia s p . l  
U n i d e n t i f i e d  1
S i t e  37
a)  (T) l e v e l  (E) t r a m p l i n g  ove r  whole  a r e a  (L) ranch
b) (C) lOYR 7 /1  l i g h t  grey (T) sandy (S)  loose  sand (L) very  low
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(B) h igh  (M) Dry
c) (V) A few s c a t t e r e d  shrubs  and s e e d l i n g s .  Very l i t t l e  g r a s s .
Shrubs up t o  c . l . 5 m  h igh .
Quadra t  1 
(BC) 2 (0.4%)
(T) 0 
(S) 2
(C) D . c i n e r e a  1 
_A. e r i o l o b a  1
Quadra t  2 
(BC) 1 (0.2%)
(T) 0 
(S) 1
(C) P luchea  sp .  1
S i t e s  38 39 40 /  From N, n o r th  a long  o u t l i n e  towards Maun and RTC 
c r o s s r o a d .  RTC c r o s s r o a d  t o  N * 3600 p a c e s .  S i t e s  38, 39 and 40 a t  
3400,  2400 and 1400 p ace s  from N.
S i t e  38
a)  (T) l e v e l  (E) l o c a l i s e d  t r a m p l i n g  (L) common g r a z i n g
b) (C) lOYR 7 / 2  (T) sandy (S) loose  v e n e e r  of sand over  c r u s t  
c .  0.5cm (L) low ( B) h ig h  (M) Dry
c) ( V) S c a t t e r e d  sh rubs  and t r e e s .  Shrubs c.  1 - 2 .5m h ig h ,  t r e e s  
c .4-5m.
Quadra t  1 
(BC) 2 (0.4%)
(T) 4
(C) L . n e l s i i  1 
T. s e r i c e a  3 
(S)  17
(C) Grewia sp .  8
D.c i n e r e a  5
A .e ru b e s c e n s  4 
Quadra t  2 
(BC) 1 (0.2%)
(T) 5
(C) L . n e l s i i  1 
T. s e r i c e a  4 
(S)  15
(C) Grewia sp .  4 
erube scens  4 
L . p e l s i i  2 
T . s e r i c e a  2
D .c i n e r e a  3
S i t e  39
a)  (T) l e v e l  (E) t r a m p l i n g  ove r  whole a r e a  (L) common g r a z i n g
b) (C) lOYR 7 /2  l i g h t  grey (T) sandy (S)  loose  sand (L) medium/low
( B) medium/high (M) Dry
c) (V) Dense s h ru b la n d  w i t h  s c a t t e r e d  t r e e s .  Shrubs t o  d i s t i n c t  l e v e l  
c .  2m h ig h .  Grass  dry and brown. D .c i n e r e a  t h i c k e t .
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Quadra t  1 
(BC) 5 (1.0%)
(T) 0 
(S) 32
(C) Grewia sp.  1 
D .c i n e r e a  31 
Quadra t  2 
(BC) 8 (1.6%)
(T) 1
(C) L . n e l s i i  1 
(S) 21
(C) Grewia sp.  1
B. a l b i t r u n c a  2 
c i n e r e a  15 
L . n e l s i i  1
S i t e  40
a) (T) l e v e l  (E) l o c a l i s e d  t r a m p l i n g  (L) common g r a z i n g
b) (C) lOYR 7 /2  l i g h t  grey (T) sandy (S )  venee r  of lo o se  sand ove r
b r i t t l e  c r u s t  (L) medium ( B) medium (M) Dry
c) (V) F a i r l y  open ,dense  i n  p a t c h e s .  Shrubs c . l . 5 - 2 . 5m h ig h .  Trees
s c a t t e r e d  c.5m h igh .  Grass  dry and brown.
Quadra t  1 
(BC) 9 (1.8%)
(T) 1
(C) U n i d e n t i f i e d  1 
(S)  13
(C) D . c i n e r e a  2 
Grewia sp .  6 
erube scens  3 
a n t h e l m i n t i c s  
U n i d e n t i f i e d  1 
Quadra t  2 
(BC) 7 (1.4%)
(T) 2
(C) L . n e l s i i  1
B. a l b i t r u n c a  1 
(S) 13
(C) A. e ru b e s c e n s  1 
Grewia sp .  6
D .c i n e r e a  4 
U n i d e n t i f i e d  2
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Appendix B
Summary of ground d a ta  c o l l e c t e d  a t  T s e t sek u  Ranch (1983)
No.Tr = Number of t r e e s  r o o t e d  i n  t h e  q u a d r a t .
No.Sh = " " shrubs  " " "
Wd/ha = Woody p l a n t s  pe r  h e c t a r e  c a l c u l a t e d  from d a t a  f o r  
each q u a d r a t .
BC% » P e rcen tage  ba s a l  cover .
Area type = S i t e  type based  on v e g e t a t i o n .
Area type s  - Ac = A cacia  d e p r e s s i o n .
Md = Mixed t r e e  and shrub,  
Ts = T e rm in a l i a  s e r i c e a . 
Tm = T . s e r i c e a / mixed.
Dc = D ichos tac hys  c i n e r e a . 
Mo = Molapo g r a s s l a n d .
Be * Bush c l e a r a n c e  a r e a .
Site Quad. No.Tr No. Sh Wd/ha BC% Ar ea
25 m X 10 m q u a d r a t s )
1 1 0 21 840 4 .4 Md
2 1 16 680 2.4 Md
2 1 7 15 600 3 .8 Md
2 14 6 240 3..0 Md
3 1 1 32 1320 4 .2 Md
2 0 33 1320 5.4 Md
4 1 0 16 640 1 .4 Md
2 0 28 1120 2.8 Md
5 1 1 20 840 1.0 Ac
2 1 30 1240 0 .8 Ac
6 1 0 21 840 2.0 Md
2 0 32 1280 1.2 Ts
7 1 3 17 800 3 .6 Ac
2 3 14 680 4.2 Ac
8 1 2 14 640 1.4 Ac
2 2 9 440 0 .2 Ac
9 1 1 29 1200 4 .0 Md
2 0 25 1000 3 .8 Md
10 1 0 0 0 8.4 Mo
2 0 0 0 9.2 Mo
11 1 1 0 40 9.6 Mo
2 0 0 0 8.8 Mo
12 1 4 0 160 5.6 Mo
2 • 2 0 80 5.4 Mo
13 1 0 15 600 2.2 Md
2 0 12 480 2.4 Md
14 1 0 19 760 2.2 Md
2 1 23 960 2.6 Md
15 1 3 15 720 2.2 Md
2 0 14 560 2.4 Md
16 1 1 14 600 3.2 Md
2 2 13 600 3.0 Md
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S i t e Quad, No.Tr No.Sh Wd/ha BC% Ar ea
17 1 0 20 800 4 .0 Tm
2 0 18 7 20 3 .8 Tm
18 1 1 18 760 1.8 Md
2 1 23 96 0 2.0 Md
19 1 0 21 840 1.2 Tm
2 0 23 920 1 .0 Tm
20 1 0 13 520 3 .2 Ac
2 0 13 520 3 .0 Ac
21 1 0 25 1000 1.6 Ac
2 0 14 560 3 .2 Ac
22 1 1 15 640 0.6 Ts
2 4 15 760 2.0 Ts
23 1 0 21 840 2.0 Md
2 1 15 640 2.4 Md
24 1 0 26 1040 1.8 Tm
2 1 20 840 1.8 Tm
25 1 0 25 1000 2.0 Md
2 2 20 880 1.8 Md
26 1 4 11 600 1.2 Tm
2 1 14 600 1 .4 Tm
27 1 4 12 640 2.8 Md
2 3 12 600 1.2 Md
28 1 1 14 600 3 .8 Tm
2 4 9 520 3 .4 Tm
29 1 0 15 600 2.4 Md
2 0 22 880 2.6 Md
30 1 1 12 520 1.2 Ac
2 1 16 680 0.6 Ac
31 1 0 7 280 1.2 Ac
2 1 14 600 0 .8 Ac
32 1 0 0 0 6 .4 Mo
2 0 0 0 6 .8 Mo
33 1 0 0 0 8.4 Mo
2 0 0 0 7 .4 Mo
34 1 0 0 0 7.8 Mo
2 0 0 0 7 .4 Mo
35 1 0 3 120 0 .6 Be
2 0 0 0 1.8 Be
36 1 0 4 160 1 .4 Be
2 0 4 160 0.8 Be
37 1 0 2 80 0 .4 Be
2 0 1 40 0.2 Be
38 1 4 17 840 0 .4 Tm
2 5 15 820 0.2 Tm
39 1 0 32 1280 1.0 Dc
2 1 21 880 1.6 Dc
40 1 1 13 560 1.8 Md
2 2 13 600 1.4 Md
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S i t e Quad. No.Tr No.Sh Wd/ha BC% Ar ea
(10 m X 30 m cov er diagram q u a d r a t s )
1 — 4 6 333 - Ac
2 - 4 15 633 - Ac
3 - 2 7 300 - Ac
4 - 2 11 433 — Ac
1 _ 3 30 1100 - Md
2 - 0 29 967 - Md
3 - 2 34 1200 — Md
1 _ 7 34 1500 - Ts
2 - 7 27 1133 - Ts
3 - 6 35 1367 - Ts
4 - 10 27 1233 - Ts
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Appendix C
P l a n t  s p e c i e s  c i t e d  i n  t h e  t h e s i s .
G r a s s e s ,  sedges  and r e e d s .
A r i s t i d a  conge s t a  Roem . e t  S c h u l t .
A r i s t i d a  ho rdeacea  Kunth,
A r i s t i d a  s c a b r i v a l v i s  H acke l .
Cenchrus c i l l i a r i s  L.
C h lo r i s  V i r ga t a  Sw.
Cynodon d a c t y Ion (L) Per  s .
Cyperus spp.
Digi t a r i a  aegyptium (L) Beauv.
Digi t a r i a  m i l a n j  iana  (Rendle)  S t a p f .
Ech inohloa  sp .
Enneopogqn hr ach y s ta ch u s  S t a p f .
E ragr o s t i s  r i g i d i o r  P i l g e r .
E ragr o s t i s  superba Peyr .
Mega l o pr o ta c h n e  a l b e s c e n s  C .E . Hubbard.
Miscanth id ium t e r e t i f o l i u m  ( S t a p f . )  S t a p f .
Grope t ium  c a pense S t a p f .
Panicum r e pens L.
P h ragm i t e s  m a u r i t a n u s  Kunth.
Sipagr o s t i s  un ip lum is  L i c h t .
Spo ro b o lu s  8 pi c a  t a  Kunth.
Tragus  racemosus  (L) S teud .
Urochloa mosambicens is  (Hack) Dandy.
T ree s  and s h ru b s .
A cacia  a r e n a r i a  S c h i n z .
A cac ia  a t a x a c a n t h a  DC.
Acac ia  e r i o l o b a  E. Meyer.
A cac ia  e ru b e s c e n s  Welm, ex 01 i v .
Acac ia  f l e c k i i  Schinz .
Acac ia  m e l1 i f e r a  (Vahl)  Benth.
Acac ia  neb row n i i  B u r t t  Davy 
Acacia  n ig r e s c e n s  01 iv .
Acac ia  s i e b e r a n a  DC.
Acac ia  t o r t i l  i s  ( F o s s k . ) Hay ne.
A lbiz  i a  a n t h e l m i n t i c a  (A .R ich . )  Brongn.
Boscia  a l b i t r u n c a  (B urch . )  G i lg  & Ben.
Bo s c i a  f  o e t i d a  S ch inz .
C a t o p h r a c t i s  a l e x a n d r i  D . Don.
Colophospermum mopane (K i rk  ex Benth .) K i rk  ex J .  Leon. 
Combretum imberbe Wawra.
Commiphora m o l l i s  ( O l i v . )  Eng l .
Commiphora py r a c a n t h o i d e  s E n g l .
Croton  gr a t i s s i m u s  Burch .
Cro ton  mega l o b o t r y s  M uell .A rg .
D ic h ro s ta c h y 8 c i n e r i a  (L . )  Wight & Arn.
F icus  s y camorus L.
G a r c i n i a  l i v i n gs t o n e i  T . Anders.
Grewia b i c o l o r  J u s s .
Grewia f l a v a  DC.
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Grewia f  la v  es cens J u s s ,
Hyphaene v e n t r i c o s a  Kirk  
K i r k i a  sp.
Lonchocarpus ca pa s sa (K lo tz s c h )  R o l f e
Lonchocarpus  ne l  s i i  (S ch inz )  Schinz ex H ee r ing  & Grirame, 
Markhamia acuminata K . Schum.
Rhus t e n u i n e r v  i s  E n g l .
Svzygium corda turn Hochst .
T e r m in a l i a  p r u n i o i d e s  Laws.
T e r m in a l i a  s e r i c e a  Burch.  ex DC.
Ximenia amer icana  L.
Z i z yphus muerona ta  W i l ld .
Herbaceous p l a n t s  w i t h  p e r s i s t e n t  'woody'  stem base 
( s u f f r u t e s c e n t  p l a n t s ) .
Leucosph a e r e a  b a i n e s i i  G i l q .
P I i n t h u s  k a ro o ic u s  Verdoorn .
P luchea  l e u b n i t z i i  (O. Kuntze)  N. E. Br.
S esb an ia  sp.
Reference  works used d u r in g  ground s u rv e y ;  M i l l e r  
( 1 9 4 8 ) ,  F i e l d  (1976) ,  C oa te s -P a l  g rave  (1 9 7 7 ) ,  Palmer (1977) ,  
Timber lake  (1980) .
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